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POSITIVE ACTIVE MATERIAL FOR RECHARGEABLE LITHIUM BATTERY 
AND METHOD OF PREPARING SAME 



CROSS REFERENCE TO RELATED APPLICATION 

This application is a continuation application of pending prior United 
States Patent Application Serial No. 09/248,202, filed on February 10, 1999, 
which is incorporated by reference herein in its entirety. In addition, Korean 
Patent Application Nos. 98-3755, 98-12005, and 98-42956 filed on February 10, 
April 6, and October 14, 1998, and entitled: "Active material for positive 
electrode used in the lithium secondary battery and method of manufacturing 
the same," is incorporated by reference herein in its entirety. 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to a positive active material for a 
rechargeable lithium battery and a method of preparing the same, and more 
particularly, to a positive active material for a rechargeable lithium battery and a 
method of preparing the same in which the positive active material exhibits 
improved structural and thermal stability. 

(b) Description of the Related Art 

The use of portable electronic instruments is increasing as electronic 
equipment gets smaller and lighter due to developments in high-tech electronic 
industries. Studies on rechargeable lithium batteries are actively being 
pursued in accordance with the increased need for a battery having a high 



energy density for use as a power source in these portable electronic 
instruments. 

Rechargeable lithium batteries use material into or from which lithium 
ions are reversibly intercalated or deintercalated as negative and positive active 
materials. For an electrolyte, an organic solvent or polymer is used. 
Rechargeable lithium batteries produce electrical energy from changes of 
chemical potentials of the active material during the intercalation and 
deintercalation reactions of lithium ions. 

For the negative active material in a rechargeable lithium battery, 
metallic lithium was used in the early period of development. However, the 
lithium negative electrode degrades due to a chemical reaction with the 
electrolyte. Lithium dissolved in an electrolyte as lithium ions upon discharging 
is deposited as lithium metal on the negative electrode upon charging. When 
charge-discharge cycles are repeated, lithium is deposited in the form of 
dendrites which are more reactive toward the electrolyte due to an enhanced 
surface area, and they may also induce a short circuit between the negative and 
positive active materials and even cause an explosion of the battery in the 
worse case. Such problems have been addressed by replacing lithium metal 
with carbon-based materials such as an amorphous or crystalline carbon. The 
carbon-based materials reversibly accept and donate significant amounts of 
lithium without affecting their mechanical and electrical properties, and the 
chemical potential of lithiated carbon-based material is almost identical to that of 
lithium metal. 

For the positive active material in the rechargeable lithium battery, a 



metal chalcogenide compound into or from which lithium ions are intercalated or 
deintercalated is used. Typical examples include LiCo0 2 , LiMn 2 0 4 , LiNi0 2 , 
LiNi 1 . x Co x 0 2 (0<x<1), or LiMn0 2 . Mn-based active materials such as LiMn 2 0 4 
or LiMn0 2 are the easiest to prepare and they are less expensive and much 
more environmentally friendly than the other materials, but they have 
significantly smaller capacities than the other materials. LiCo0 2 exhibits good 
electrical conductivity of 10" 2 to 1 S/cm at ambient temperatures, as well as high 
cell voltage and good electrochemical properties. Therefore, it is widely used 
in commercially available rechargeable lithium batteries, although the cobalt- 
based active material is relatively more expensive than the other materials. 
LiNi0 2 has an advantage of having the highest specific capacity of all, but it is 
relatively more difficult to synthesize in the desired quality level and is the least 
stable of all. 

Thease composite metal oxides are manufactured by a solid-phase 
method. The solid-phase method involves mixing solid raw material powders 
and sintering the mixture. For example, Japanese Patent publication No. Hei 
8-153513 discloses a method in which Ni(OH) 2 is mixed with Co(OH) 2 or mixed 
hydroxides of Ni and Co are heat-treated, ground, and then sieved to produce 
LiNii. x Co x 0 2 (0< x < 1). In another method, a reactant mixture of LiOH, Ni 
oxide and Co oxide is initially heated at 400 to 580 °C, and then the heated 
reactant is heated again at 600 to 780 °C to produce a crystalline active material. 

Another way to produce such composite metal oxides is disclosed in 
Japanese Patent Laid open Hei. 9-55210 (Sony). In this method, a Ni-based 
material is coated with a metal alkoxide to prepare a positive active material. 



The metal alkoxide includes Co, Al or Mn. However, the metal coatings in the 
Ni-based material did not show improvements in the cell performance, e.g. 
capacity and voltage. 

In addition, U.S. Patent No. 5,705,291 (Bell Communications Research, 
Inc.) discloses that LiMn 2 0 4 is mixed with aluminum oxide and briefly heated to 
obtain an active material with improved behavior. However, this material did 
not provide with a sufficient improvement in cell performances to satisfy 
commercial needs. 

Therefore, there is sufficient need to develop positive active materials 
with improved structural and thermal stability, capacity, and cycle life. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide active material for a 
rechargeable lithium battery with improved structural and thermal stability, 
capacity and cycle life. 

It is another object of the present invention to provide a method of 
preparing the positive active material for a rechargeable lithium battery. 

To achieve the above objects, the present invention provides a positive 
active material for a rechargeable lithium battery including a core comprising at 
least one compound represented by Formula 1 and a protective active metal 
oxide shell formed on the core, the active metal oxide being capable of 
stabilizing a structure of the active material: 

Formula 1 

LiAi.x-yBxCyOa, 



where 0 < x < 0.3, and 0 < y < 0.01 ; 

A is an element selected from the group consisting of Co and Mn; 
B is an element selected from the group consisting of Ni, Co, Mn, B, Mg, 
Ca, Sr, Ba, Ti, V, Cr, Fe, Cu and Al; and 
5 C is an element selected from the group consisting of Ni, Co, Mn, B, Mg, 

Ca, Sr, Ba, Ti, V, Cr, Fe, Cu and Al. 

The positive active material is obtained from a process of preparing 
crystalline powder or semi-crystalline powder represented by Formula 1 , coating 
S the crystalline or semi-crystalline powder with a metal alkoxide suspension, and 
j§ heat-treating the coated powder. 

fS BRIEF DESCRIPTION OF THE DRAWINGS 

■ Ms 

Further objects and other advantages of the present invention will 
£ become apparent from the following description in conjunction with the attached 
2j drawings, in which: 

rll 

i r 5 FIGs. 1A and 1B are scanning electronic microscope (SEM) pictures of 

a positive active material prepared according to Example 1 of the present 
invention; 

FIGs. 2A and 2B are SEM pictures of a positive active material prepared 
according to Comparative Example 1 ; 
20 FIG. 3 is a graph illustrating XRD patterns of positive active materials 

prepared according to Example 2 (b) of the present invention, Comparative 
Example 2 (c), and semi-crystalline LiNio. 8 Coo.20 2 (a); 

FIG. 4 is a graph illustrating cycle-life characteristics of cells prepared 
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according to Example 1 (a) and Example 3 (b) of the present invention, and 
Comparative Example 1 (c); 

FIGs. 5A and 5B are SEM pictures of positive active materials prepared 
according to Example 5 of the present invention and Comparative Example 3, 
5 respectively; 

FIG. 6 is a graph illustrating XRD patterns of positive active materials 
prepared according to Example 5 (A) of the present invention and Comparative 
Example 3 (B) and Comparative Examples 4 (C); 

h FIG. 7 is a graph illustrating cycle-life characteristics of cells prepared 

S 

m according to Example 5 (a) of the present invention and Comparative Example 
| 3 (b); 

FIG. 8 is a graph illustrating differential scanning calorimetry (DSC) 
analysis results of positive electrodes prepared according to Example 9 (b) of 
H the present invention and Comparative Example 5 (a); 

Sj FIG. 9 is a graph illustrating cycle-life characteristics of cells prepared 

according to Example 9 (a) of the present invention and Comparative Example 
5 (b) for charge and discharge in the voltage range of 4.1 to 2.75V; 

FIG. 10 is a graph illustrating cycle-life characteristics of cells prepared 
according to Example 9 (a) of the present invention and Comparative Example 
20 5 (b) for charge and discharge in the voltage range of 4.2 to 2.75V; 

FIG. 1 1 is a graph illustrating cycle-life characteristics of cells prepared 
according to Example 9 (a) of the present invention and Comparative Example 
5 (b) for charge and discharge in the voltage range of 4.3 to 2.75V; 

FIG. 12 is a graph illustrating XRD patterns of positive active materials of 
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Comparative Example 5 (a) before charging, and Example 1 0 (b) of the present 
invention after charging at 4.2V and Comparative Example 5 (c) after 1 cycle 
charging at 4.2V; 

FIG. 13 is a graph illustrating DSC analysis results of positive electrodes 
after charging at 4.2V, prepared according to Example 10 (b) of the present 
invention and Comparative Example 5 (a); 

FIG. 14 is a graph illustrating DSC analysis results of positive electrodes 
after charging at 4.1V, prepared according to Example 10 (b) of the present 
invention and Comparative Example 5 (a); 

FIG. 15 is a graph illustrating DSC analysis results of positive electrodes 
after charging at 4.1V, prepared according to Example 11 (b) of the present 
invention and Comparative Example 6 (a); 

FIG. 16 is a graph illustrating DSC analysis results of positive electrodes 
after charging at 4.3V, prepared according to Example 12 (b) of the present 
invention and Comparative Example 7 (a); 

FIG. 17 is a graph illustrating DSC analysis results of positive electrodes 
after charging at 4.3V, prepared according to Example 13 (b) of the present 
invention and Comparative Example 8 (a); 

FIG. 18 is a transmission electronic microscopy (TEM) picture of a 
positive active material prepared according to Example 14 of the present 
invention; 

FIG. 19 is a TEM picture of a positive active material prepared according 
to Example 15 of the present invention; 

FIG. 20 is a graph illustrating a cycle life characteristics of cells prepared 



according to Example 1 6 (a) of the present invention and Comparative Example 
10(b); 

FIG. 21 is a graph illustrating charge-discharge characteristics of a cell 
prepared according to Example 1 7 of the present invention; 

FIG. 22 is a graph illustrating charge-discharge characteristics of a cell 
with the positive active material prepared according to Comparative example 1 1 . 

FIG. 23 is a graph illustrating cycle life characteristics of cells prepared 
according to Example 18 (open circles) of the present invention and 
Comparative Example 12 (filled circles); 

FIG. 24 is a graph illustrating the charge and discharge characteristics of 
the positive active materials according to Example 19 (B) of the present 
invention and Comparative example 13 (A); and 

FIG. 25 is a graph illustrating XRD results of a synthesized Al 2 0 3 (B) and 
a commercial Al 2 0 3 (A); 

FIG. 26 is a graph illustrating the charge and discharge characteristics of 
the coin-type half-cells containing LiCo0 2 (A) and LiCo0 2 coated with Al 2 0 3 (B) 
and LiCo0 2 coated with a commercial Al 2 0 3 (C); 

FIG. 27 is a SEM picture of a positive active material according to 
Example 21 of the present invention; 

FIG. 28 is a SEM picture of a positive active material according to 
Comparative example 1 5; 

FIG. 29 is a graph illustrating an EDX result of a positive active material 
according to Example 21 of the present invention; and 

FIG. 30 is a graph illustrating an EDX result of a positive active material 



according to Comparative example 15. 

DETAILED DESCRIPTION OF THE INVENTION 

A positive active material of the present invention includes a core 
including at least one compound represented by Formula 1 and a protective 
active metal oxide shell formed on the core: 

Formula 1 

IJAi-x-yBxCyOa, 

where 0 < x < 0.3, and 0 < y < 0.01 ; 

A is an element selected from the group consisting of Co and Mn; 

B is an element selected from the group consisting of Ni, Co, Mn, B, Mg, 
Ca, Sr, Ba, Ti, V, Cr, Fe, Cu and Al; and 

C is an element selected from the group consisting of Ni, Co, Mn, B, Mg, 
Ca, Sr, Ba, Ti, V, Cr, Fe, Cu and Al. 

The core preferably includes LiCo0 2 , and a metal in the active metal 
oxide includes Mg, Al, Co, K, Na or Ca, and preferably Al. Thus, the preferred 
metal oxide is active Al 2 0 3 . The active metal oxide has an amorphous phase. 
The metal oxide is capable of stabilizing the active material. 

A method of preparing the positive active material will be illustrated in 
more detail. 

An A-metal salt is mixed with a B-metal salt in an equivalence ratio of 
between 70:30 and 100:0. Alternatively, a trace amount of a C-metal salt may 
be added to the mixture. If the B-metal salt is present over 30% of the sum of 
A- and B-metal salts, intercalation and deintercalation reactions of lithium ions 



do not proceed without changes in a crystalline structure of the resulting 
positive active material. 

The mixing procedure is preferably performed by dispersing the A-, B- 
and C-metal salts in a suitable solvent and milling the resulting suspension by 
using an attritor. Although the solvent may be any solvent in which the A-, B- 
and C-metal salts are not soluble, preferable examples include water, an 
alcohol or acetone. Here, the milling is performed at a sufficiently high rate for 
a sufficient period of time to allow uniform mixing, for example, 400 to 500 rpm 
for about 1 hour. 

For example, a nickel salt such as nickel hydroxide, nickel nitrate, or 
nickel acetate may be used for the A-metal salt; for the B-metal salt, a cobalt 
salt such as cobalt hydroxide, cobalt nitrate or cobalt carbonate may be used; 
and for the C-metal salt, aluminum hydroxide or strontium hydroxide may be 
used. 

The resulting suspension is dried in a drying furnace at about 120°C for 
24 hours and the dried material is ground to prepare an Ai- x -yBxC y (OH) 2 (O^x^ 
0.3, 0<y<0.01) powder. A lithium salt is added to the produced powder in a 
desired equivalence ratio and mechanically mixed. For example, the mixture 
of the lithium salt and Ai. x -yBxCy(OH) 2 is produced by mixing them in a mortar or 
grinder. 

For the lithium salt, although any one of many simple lithium salts that 
react with Ai-x-yBxCytOH^ may be used, it is preferable to use lithium nitrate, 
lithium acetate or lithium hydroxide. In order to facilitate the reaction between 
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the lithium salt and A 1 .x- y BxC y (OH) 2 , it is preferable that a suitable solvent such 
as ethanol, methanol, water or acetone is added, and then the mixture is mixed 
well by grinding in a mortar until excess liquid solvent disappears from the 
mixture. 

The mixture of the lithium salt and A 1 .x-yB x Cy(OH) 2 is heat-treated at a 
temperature between 400 and 600 °C, thereby producing a crystalline or semi- 
crystalline, positive active material precursor LiA^x-yBxCyO;? powder. 

Alternatively, the mixture of the lithium salt and Ai- x .yB x Cy(OH) 2 is heat- 
treated for 1 to 5 hours at a temperature between 400 and 550 °C (first heat- 
treatment), and the resulting material is again heat-treated for 10 to 15 hours at 
a temperature between 700 and 900 °C (second heat-treatment), thereby 
producing a crystalline or a semi-crystalline positive active material precursor 
LiAi- x - y B x Cy0 2 powder. If the first heat-treatment temperature is below 400 °C, 
the metal salts do not react completely with the lithium salts, and if the second 
heat-treatment temperature is below 700 °C , it is difficult to form the crystalline or 
the semi-crystalline material of Formula 1. The first and second heat- 
treatments are performed by increasing the temperature at a rate of 1 to 5°C 
/min in a stream of air. The mixture is cooled slowly after turning off the 
heating source. Preferably, the LiA 1 . x . y B x Cy0 2 powder is then reground to 
distribute the lithium salts uniformly. 

Subsequently, the crystalline or semi-crystalline LiAi. x . y B x C y 0 2 powder is 
coated with a metal alkoxide suspension. The coating process may be 
performed by dip-coating or by using any other general-purpose coating 
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technique. Alternatively, the coating may also be achieved by a sputtering 
method, a chemical vapor deposition (CVD) method. Any other coating 
techniques, if available and applicable, may be as effective as the methods 
described herein, but it is preferable to use a dip-coating method using a metal 
alkoxide suspension since it is simple to use and economical. 

The metal alkoxide suspension is prepared by mixing the metal or metal 
alkoxide powder with an alcohol at 1 to 10% by weight of the alcohol, preferably 
followed by refluxing the mixture. The metal of the metal alkoxide may be Mg, 
Al, Co, K, Na or Ca, preferably Al, and the alcohol may be methanol, ethanol or 
isopropanol. For the dip-coating process, if the concentration of the metal is 
less than 1% by weight, advantageous effects of coating the LiAi. x . y B x Cy0 2 
powder with the metal alkoxide suspension are not sufficient, while if the 
concentration of the metal exceeds 10% by weight, the coating layer formed by 
the metal alkoxide suspension on the powder becomes too thick. 

After dip-coating the crystalline or semi-crystalline powder with the 
alkoxide suspension, the wet powder is dried in an oven at 120°C for about 5 
hours. This drying step is performed to distribute lithium salt uniformly in the 
powder. The dried crystalline LiA-i-x-yBxCy02 powder with coating layer is heat- 
treated for 8 to 1 5 hours at a temperature between 400 and 900 °C . In the case 
where the powder is crystalline, it is preferable that the heat-treating 
temperature is set between 400 and 600 °C, whereas the preferable temperature 
is between 700 and 900 °C in the case where the powder is semi-crystalline. 

By the heat-treating process, the metal alkoxide suspension is 
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converted to metal oxide, and the semi-crystalline LiA-i- x -yB x C y 0 2 powder is 
converted to a crystalline powder, resulting in the production of positive active 
material of Formula 1 in which metal oxide is coated on a surface of a crystalline 
LiA^x.yBxCyOa powder. The metal oxide formed on the surface of the active 
5 material can be either a composite metal oxide obtained from at least one of the 
A-, B- or C- metals and the metal alkoxide, or a metal oxide obtained from only 
the metal alkoxide. For example, by heat-treating LiCo0 2 coated with 
aluminum alkoxide, a positive active material of a composite metal oxide of 
□ cobalt and aluminum, and/or a positive active material with a surface on which 
jb aluminum oxide is coated, can be obtained. To produce a more uniform 
- 5 crystalline active material, it is preferable to dry in air or oxygen by blowing it 
thereon during the heat-treating process. If the heat-treating temperature is 
r: below 400 °C, since the coated metal alkoxide suspension does not become 
crystallized, the resulting active material does not give good performance in a 
m battery since the movement of lithium ions therein is hindered. 

The resulting positive active material prepared by the process described 
above is made of agglomerated minute particles, the particle size being 
between 0.1 and 100/m. 

The following examples further illustrate the present invention. 
20 (Example 1) 

Ni(OH) 2 powder and Co(OH) 2 powder were mixed in an equivalence 
ratio of 0.8:0.2 and dispersed in water, and the resulting material was mixed and 
milled by using an attritor for 60 minutes at 450 rpm. The resulting mixture 
was dried in a drying oven at 120°C for about 24 hours, and the dried mixture 



having a composition of Ni 0 .8Co 0 .2(OH) 2 was evenly ground. To this powder, a 
stoichiometric amount of LiOH was added, followed by grinding the resultant 
powder mixture in a mortar to achieve an even blend. 

The resultant powder mixture was heat-treated at 500 °C for about 5 
hours to obtain a semi-crystalline powder of LiNio.8Coo.2O2. The semi- 
crystalline LiNio.sCoo.2O2 powder was then dip-coated with a Mg-methoxide 
suspension. The Mg-methoxide suspension was prepared by refluxing Mg 
powder of 4% by weight of methanol. The coated semi-crystalline powder was 
remixed at a high temperature in a stream of dry air to distribute lithium salt 
uniformly. The resulting material was then heat-treated for 12 hours at 750 °C 
in a stream of dry air to obtain a coated crystalline positive active material. 

The positive active material, a conductive agent (carbon), a binder 
(polyvinylidene fluoride) and a solvent (N-methyl pyrrolidone) were mixed to 
prepare a positive active material slurry. The slurry was then cast into a tape 
on an Al foil current collector to manufacture a positive electrode. Using this 
positive electrode, a Li-metal counter electrode, a sheet of microporous 
polypropylene separator, and an electrolyte solution of 1M LiPF 6 in a 1 :1 volume 
mixture of ethylene carbonate (EC) and dimethyl carbonate (DMC), a coin-type 
half-cell was fabricated. 

(Example 2) 

A coin-type half-cell was fabricated by the same procedure as in 
Example 1 , except that acetone was added to the mixture of the lithium salt and 
Nio. 8 Coo.2(OH) 2 in order to facilitate the reaction between LiOH and 
Nio.8Co 0 .2(OH) 2 , and mortar/grinder mixing was performed until liquid acetone 
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disappeared from the mixture, instead of dry grinding as in Example 1 . 
(Example 3) 

A coin-type half-cell was fabricated by the same procedure in Example 1 , 
except that a mixture of lithium salt and Nio. 3 Coo.2(OH) 2 was heat-treated for 
about five hours at 600 °C instead of 500 °C as in Example 1 , to produce a semi- 
crystalline LiNio.sCoo.2O2 powder. 

(Example 4) 

A coin-type half-cell was fabricated by the same procedure in Example 2, 
except that a mixture of lithium salt and Nio.8Co 0 .2(OH) 2 was heat-treated for 
about five hours at 600 °C , to produce a semi-crystalline LiNio. 8 Coo. 2 0 2 powder. 
(Example 5) 

Ni(OH) 2 and Co(OH) 2 were mixed in an equivalence ratio of 0.8:0.2 and 
dispersed in water. The resulting mixture was mixed well by milling with an 
attritor for about 60 minutes at 450 rpm. The mixed powder was dried in water 
in a drying oven at 120°C for about 24 hours and the resulting dry mixture was 
evenly ground, thereby producing Nio.8Co 0 .2(OH) 2 . LiOH was added to the 
Nio.8Co 0 .2(OH) 2 to provide 1 equivalent of lithium, and ethanol was added to 
facilitate a reaction between the LiOH and Ni 0 .8Co 0 .2(OH) 2 and the mixture was 
mortar/grinder mixed until liquid ethanol disappeared from the mixture. 

Thereafter, the mixture was placed in an alumina crucible and heat- 
treated at 400 °C in a stream of dry air, and then heat-treated again for 12 hours 
at 750 °C. In both the heat-treating processes, the temperature was raised at a 
rate of 3°C/min. The mixture was allowed to stand at the first and second heat- 
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treating temperatures for predetermined times, and the mixture was slowly 
cooled to produce a LiNio.sCoo.2O2 powder. 

The LiNio.sCoo.2O2 powder was then dipped in a Mg-methoxide 
suspension for about 10 minutes and the coated LiNio.sCoo.2O2 powder was 
then separated from the suspension. Subsequently, the powder was dried in 
an oven at 12CTC for about 5 hours, thereby producing LiNio.sCoo.2O2 powder 
coated with the Mg-methoxide. The powder was then heat-treated at a 
temperature of 500 °C for about 10 hours in a stream of dry air, thereby 
producing a positive active material. 

Using the positive active material, a coin-type half-cell was fabricated 
according to the method used in Example 1 . 

(Example 6) 

A coin-type half-cell was fabricated by the same procedure in Example 5 
except that Ni(OH) 2 was mixed with Co(OH) 2 in an equivalence ratio of 0.9:0.1, 
thereby producing a positive active material having a formula of LiNio.9Coo.1O2. 

(Example 7) 

A coin-type half-cell was fabricated by the same procedure as in 
Example 5 except that the Mg-methoxide coated LiNi0.sC00.2O2 powder was 
heat-treated at600°C. 

(Example 8) 

A coin-type half-cell was fabricated by the same procedure as in 
Example 6 except that the Mg-methoxide coated LiNio.9Coo.1O2 powder was 
heat-treated at600°C. 
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(Example 9) 

LiOH and Co(OH) 2 were mixed in a 1:1 mole ratio. A sufficient amount 
of ethanol was added to the mixture to fabricate the reaction, and the mixture 
was mixed in a mechanical mortar mixer for about 1 hour until liquid solvent 
disappeared from the mixture. 

The mixed powder was placed in an aluminous crucible and heat- 
treated for 5 hours at 400 °C in a stream of dry air, then heat-treated again for 
12 hours at 750 °C. In both the heat-treating processes, the temperature was 
raised at a rate of 3°C/min. The mixture was allowed to stand at the first and 
the second heat-treating temperatures for predetermined period of time and 
was slowly cooled to produce a LiCo0 2 powder. 

The LiCo0 2 powder was then dipped in a Mg-methoxide suspension for 
about 10 minutes, and the coated LiCo0 2 powder was then separated from the 
suspension. Subsequently, the powder was dried in an oven at 120°C for 
about 5 hours, thereby producing LiCo0 2 powder coated with the Mg-methoxide. 
The powder was then heat-treated at a temperature of 600 °C for about 10 
hours in a stream of dry air, thereby producing a positive active material. 

Using the positive active material, a coin-type half-cell was fabricated 
according by the method used in Example 1 . 

(Example 1 0) 

A coin-type half-cell was fabricated by the same procedure as in 
Example 9 except that the Mg-methoxide coated LiCo0 2 powder was heat- 
treated at a temperature of 700 °C . 
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(Example 1 1) 

A coin-type half-cell was fabricated by the same procedure as in 
Example 5 except that the Mg-methoxide coated LiNio.sCoo.2O2 powder was 
heat-treated at a temperature of 700 °C. 

(Example 12) 

Ni(OH) 2 , Co(OH) 2 , and AI(OH) 3 were mixed in an equivalence ratio of 
0.8:0.15:0.05 and dispersed in water. The resulting mixture was mixed well by 
milling with an attritor for about 60 minutes at 450 rpm. The mixed powder was 
dried in a drying oven at 120°C for about 24 hours and the resulting dry mixture 
was evenly ground, thereby producing Ni 0 .8Coo.i5Alo.o5(OH) 2 . LiOH was added 
to the Ni 0 .8Coo.i5Alo.o5(OH) 2 to make 1 equivalent of lithium per formula weight of 
the hydroxide, and ethanol was added to facilitate the reaction between the 
LiOH and Ni 0 .8Co 0 .i5Al 0 .o5(OH) 2 . The mixture was mixed in a mortar until liquid 
ethanol disappeared from the mixture. 

The mixed mixture was placed in an alumina crucible and heat-treated 
at 400 °C in a stream of dry air, then heat-treated again for 12 hours at 750 "C. 
In both heat-treating processes, the temperature was raised at a rate of 3°C/min. 
The mixture was allowed to stand at the first and the second heat-treating 
temperatures for predetermined period of time and was slowly cooled to 
produce a LiNi 0 . 8 Co 0 .i5Alo.o50 2 powder. 

The LiNio.8Coo.15Alo.05O;? powder was then dipped in a Mg-methoxide 
suspension for about 10 minutes and the coated LiNio.aCoo.15Alo.05O2 powder 
was then separated from the suspension. Subsequently, the powder was dried 
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in an oven at 120°C for about 5 hours, thereby producing LiNio.sCoo.15Alo.05O2 
powder coated with the Mg-methoxide. The powder was then heat-treated at a 
temperature of 700 °C for about 10 hours in a stream of dry air, thereby 
producing a positive active material. 

Using the positive active material, a coin-type half-cell was 
manufactured according to the method used in Example 1 . 

(Example 13) 

Ni(OH) 2 , Co(OH) 2 , and Sr(OH) 2 were mixed in an equivalence ratio of 
0.9:0.098:0.002 and dispersed in water. The resulting mixture was mixed well 
by milling with an attritor for about 60 minutes at 450 rpm. The mixed powder 
was dried in a drying oven at 120°C for about 24 hours, and the resulting dry 
mixture was evenly ground, thereby producing Nio.9Coo.o98Sr 0 .oo2(OH) 2 . LiOH 
was added to the Ni 0 .9Coo.o98Sro.oo2(OH) 2 to provide 1 equivalent of lithium, and 
ethanol was added to facilitate a reaction between the LiOH and 
Ni 0 .9Co 0 .o98Sr 0 .oo2(OH)2. The mixture was mixed in a mortar until liquid ethanol 
disappeared from the mixture. 

Thereafter, the mixed mixture was placed in an alumina crucible and 
heat-treated at 400 °C in a stream of dry air, then heat-treated again for 12 
hours at 750 °C. In both the heat-treating processes, the temperature was 
raised at a rate of 3°C/min. The mixture was allowed to stand at the first and 
the second heat-treating temperatures for predetermined period of time, and the 
mixture was slowly cooled to produce a crystalline LiNio.9Co 0 .o98Sr 0 .oo20 2 powder. 

The LiNio.gCoo.ogsSro.oceOa powder was then dipped in a Mg-methoxide 
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suspension for about 10 minutes and the coated LiNi 0 .9Coo.o98Sro.oo20 2 powder 
was then separated from the suspension. Subsequently, the powder was dried 
in an oven at 120°C for about 5 hours, thereby producing LiNio. 9 Coo.o98Sr 0 .oo20 2 
powder coated with the Mg-methoxide. The powder was then heat-treated at a 
temperature of 700 °C for about 10 hours in a stream of dry air, thereby 
producing of a positive active material. 

Using the positive active material, a coin-type half-cell was 
manufactured according to the method used in Example 1 . 

(Example 1 4) 

A commercial LiCo0 2 powder having average particle diameter of 5jwm 
was dipped in a Mg-methoxide suspension for about 10 minutes and the coated 
LiCo0 2 powder was then separated from the suspension. This powder was 
then dried in an oven at 120°C for about 5 hours, thereby producing LiCo0 2 
powder coated with Mg-methoxide. The Mg-methoxide coated LiCo0 2 powder 
was subsequently heat-treated for about 10 hours at 600 °C in a stream of dry 
air to produce a positive active material. 

(Example 1 5) 

A commercial LiCo0 2 powder having average particle diameter of 5#m 
was dipped in an Al-isopropoxide suspension for about 10 minutes, and the 
coated LiCo0 2 powder was then separated from the suspension. This powder 
was then dried in an oven at 120°C for about 5 hours, thereby producing 
LiCo0 2 powder coated with Al-isopropoxide. The Al-isopropoxide LiCo0 2 
powder was subsequently heat-treated for about 10 hours at 600 °C in a stream 
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of dry air to produce a positive active material. 
(Example 16) 

A commercial LiCo0 2 powder having average particle diameter of 10jcm 
was dipped in a Mg-methoxide suspension for about 10 minutes and then 
separated from the suspension. This powder was then dried in an oven at 120°C 
for about 5 hours, thereby producing LiCo0 2 powder coated with Mg-methoxide. 
The Mg-methoxide LiCo0 2 powder was subsequently heat-treated for about 10 
hours at 600 °C in a stream of dry air to produce a positive active material. 

The positive active material, a conductive agent (carbon, product name: 
Super P), a binder (polyvinylidene fluoride, product name: KF-1300) and a 
solvent (N-methyl pyrrolidone) were mixed to produce a positive active material 
slurry. The slurry was then cast into a tape on an Al foil to prepare a positive 
electrode. 

Using the positive electrode; a negative electrode made from MCF 
(meso-carbon fiber) material; an organic electrolyte including 1M LiPF 6 in a 
mixture of ethylene carbonate, dimethyl carbonate and diethyl carbonate in a 
3:3:1 volume ratio; and a sheet of microporous polypropylene separator (Ashai 
Company), a 18650-size cylindrical cell having a capacity of 1650mAh was 
fabricated. The cycle-life characteristics of this cell were then measured at 1 C 
rate in the voltage range of 2.75 to 4.2V. 

(Example 1 7) 

LiCo0 2 powder having average particle diameter of 5pm was dipped in 
an Al-isopropoxide suspension for about 10 minutes and then separated from 
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the suspension. This powder was then dried in an oven at 120°C for about 5 
hours, thereby producing LiCo0 2 powder coated with Al-isopropoxide. The Al- 
isopropoxide coated LiCo0 2 powder was subsequently heat-treated for about 
10 hours at 600 °C in a state where dry air was blown on the powder to produce 
active material for a positive electrode used in lithium-ion cell. 

Using this active material, a positive electrode and a cell were fabricated 
using the same method as in Example 16. 

(Example 18) 

Ni(OH) 2 and Co(OH) 2 were mixed in an equivalence ratio of 0.8:0.2 and 
dispersed in water. The mixture was mixed well by milling with an attritor for 
about 60 minutes at 450 rpm. The mixed powder was dried in a drying oven at 
120°C for about 24 hours and the resulting dried mixture was evenly ground, 
thereby producing Ni 0 .8Coo. 2 (OH) 2 . LiOH was added to the Ni 0 . 8 Co 0 .2(OH) 2 to 
make 1 equivalent of lithium per formula weight of the hydroxide, and ethanol 
was added to facilitate the reaction between the LiOH and Nio. 8 Co 0 . 2 (OH) 2 . 
The mixture was mixed in a mortar until liquid ethanol disappeared from the 
mixture. 

Thereafter, the mixed mixture was placed in an alumina crucible and 
heat-treated at 400 °C in a stream of dry air, then heat-treated again for 12 
hours at 750 °C. In both the heat-treating processes, the temperature was 
raised at a rate of 3°C/min. The mixture was allowed to stand at the first and 
the second heat-treating temperatures for predetermined period of time, and the 
mixture was slowly cooled to produce a LiNio. 8 Co 0 . 2 0 2 powder. 
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The LiNio.8Coo.2O2 powder was then dipped in a Mg-methoxide 
suspension for about 10 minutes, and then separated from the suspension. 
Subsequently, the powder was dried in an oven at 120°C for about 5 hours, 
thereby producing LiNio.8Coo.2O2 powder coated with the Mg-methoxide. The 
powder was then heat-treated at a temperature of 500 °C for approximately 10 
hours in a stream of dry air, thereby producing a positive active material. 

The positive active material, a conductive agent (carbon, product name: 
Super P), a binder (polyvinylidene fluoride, product name: KF-1300) and a 
solvent (N-methyl pyrrolidone) were mixed to produce a positive active material 
slurry. The slurry was then cast into a tape on an Al foil to prepare a positive 
electrode. 

Using this positive electrode, a negative electrode made from MCF 
(meso-carbon fiber) material, an organic electrolyte including 1M LiPF 6 in a 
mixture of ethylene carbonate, dimethyl carbonate and diethyl carbonate in a 
3:3:1 volume ratio, and a sheet of microporous polypropylene separator (Ashai 
Company), a 18650-size cylindrical cell having a capacity of 1650mAh was 
fabricated. The cycle-life characteristics of this cell were then measured at 1 C 
rate in the voltage range of 2.75 to 4.2V. 

(Example 1 9) 

A coin-type half -cell was fabricated by the same procedure as in 
Example 8 except that LiNio.9Coo.1O2 was coated with an Al-isopropoxide 
suspension. 

(Example 20) 

A coin-type half-cell was fabricated by the same procedure as in 
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Example 9 except that an Al-isopropoxide suspension was used instead of the 
Mg-methoxide suspension. 
(Example 21) 

A coin-type half-cell was fabricated by the same procedure as in 
Example 1 0 except that an Al-isopropoxide suspension was used instead of the 
Mg-methoxide suspension. 

(Example 22) 

A coin-type half-cell was fabricated by the same procedure as in 
Example 1 4 except that an Al-isopropoxide suspension was used instead of the 
Mg-methoxide suspension. 

(Example 23) 

A coin-type half-cell was fabricated by the same procedure as in 
Example 1 6 except that an Al-isopropoxide suspension was used instead of the 
Mg-methoxide suspension. 

(Comparative Example 1) 

A coin-type half-cell was fabricated by the same procedure as in 
Example 1 except that the step of coating the semi-crystalline LiNio.8Coo.2O2 
powder with the Mg-methoxide suspension was omitted. 

(Comparative Example 2) 

A coin-type half-cell was fabricated by the same procedure as in 
Example 2 except that the step of coating the semi-crystalline LiNio.8Coo.2O2 
powder with the Mg-methoxide suspension was omitted. 

(Comparative Example 3) 

A coin-type half-cell was fabricated by the same procedure as in 
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Example 5 except that the step of coating the semi-crystalline LiNio.8Coo.2O2 
powder with the Mg-methoxide suspension was omitted. 
(Comparative Example 4) 

Ni(OH) 2 , Co(OH) 2 , and Mg(OH) 2 were mixed in an equivalence ratio of 
0.8:0.15:0.05 and dispersed in water. The resulting mixture was mixed well by 
milling with an attritor for about 60 minutes at 450 rpm. The mixed powder was 
dried in a drying oven at 120°C for about 24 hours and the resulting dry mixture 
was evenly ground, thereby producing Ni 0 .8Coo.i5Mgo.o5(OH) 2 . LiOH was 
added to the Ni 0 .8Co 0 .i5Mgo.o5(OH) 2 to make 1 equivalent of lithium per formula 
weight of the hydroxide, and ethanol was added to facilitate a reaction between 
the LiOH and Nio. 8 Co 0 .i5Mgo.o5(OH) 2 . The mixture was mixed in a mortar until 
liquid ethanol disappeared from the mixture. The mixed mixture was placed in 
an alumina crucible and heat-treated at 400 °C in a stream of dry air, then heat- 
treated again for 12 hours at 750 °C to produce a positive active material. 

Using the positive active material, a coin-type half-cell was fabricated 
according to the method used in Example 1 . 

(Comparative Example 5) 

A coin-type half-cell was fabricated by the same procedure as in 
Example 9 except that the step of coating the semi-crystalline LiCo0 2 powder 
with the Mg-methoxide suspension was omitted. 

(Comparative Example 6) 

A coin-type half-cell was fabricated by the same procedure as in 
Example 1 1 except that the step of coating the semi-crystalline LiNi 0 . 8 Co 0 . 2 O 2 
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powder with the Mg-methoxide suspension was omitted. 
(Comparative Example 7) 

A coin-type half-cell was fabricated by the same procedure as in 
Example 12 except that the step of coating the semi-crystalline 
LiNio.8Coo.15Alo.05O2 powder with the Mg-methoxide suspension was omitted. 

(Comparative Example 8) 

A coin-type half-cell was fabricated by the same procedure as in 
Example 13 except that the step of coating the semi-crystalline 
LiNio. 9 Coo.o98Sr 0 .oo202 powder with the Mg-methoxide suspension was omitted. 

(Comparative Example 9) 

LiCo0 2 powder having average particle diameter of 5im was used as a 
positive active material for a coin-type half-cell. 
(Comparative Example 1 0) 

A coin-type half-cell was fabricated by the same procedure as in 
Example 16 except that the step of coating the semi-crystalline LiCo0 2 powder 
with the Mg-methoxide suspension was omitted. 

(Comparative Example 11) 

A cell as disclosed in the Matsushita Technical Journal Vol. 44, August 
1998, pp. 407-412 was used for Comparative Example 1 1 . 
(Comparative Example 1 2) 

A 18650-size cylindrical cell was fabricated by the same procedure as in 
Example 18 except that the step of coating the semi-crystalline LiNio.8Coo.2O2 
powder with the Mg-methoxide suspension was omitted. 

(Comparative Example 13) 



26 



A coin-type half-cell was fabricated by the same procedure as in 
Example 19 except the step of coating the semi-crystalline LiNio.9Coo.1O2 
powder with the Al-isopropoxide suspension was omitted. 

(Comparative Example 1 4) 

LJC0O2 was mixed a commercial Al 2 0 3 . Using the resulting mixture, a 
coin-type half-cell was fabricated by the same procedure as in Comparative 
example 1 . 

(Comparative Example 15) 

UC0O2 powder was intimately mixed by grinding with about 1% by 
weight of Al 2 0 3 and the mixture was then briefly heated at about 800 °C for 1 
hour to positive active material. Using the resulting positive active material, a 
coin-type coin-cell was fabricated by the same procedure as in Comparative 
example 1 . 

FIGs. 1A and 1B show SEM pictures, respectively 200-times and 
20,000-times expanded view of the positive active material according to 
Example 1 ; and FIGs. 2A and 2B show SEM pictures, respectively 300-times 
and 20,000-times expanded view of the positive active material according to 
Comparative Example 1. As shown in FIGs. 1A and 2A, the positive active 
material according to Example 1 is comprised of clumps that are less than 100 
fm in size, whereas the positive active material according to Comparative 
Example 1 is comprised of clumps that are greater than 100/m in size. Further, 
as shown in FIG. 1B, the positive active material according to Example 1 is 
comprised of ultra-fine particles of 0.1 to 0.2im in size which aggregate mass 
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together to form small particles of 0.5 to 1/zm in size. On the other hand, as 
shown in FIG. 2B, the positive active material according to Comparative 
Example 1 is comprised of particles that are greater than *[im in size which 
aggregate together into clumps. 

FIG. 3 shows a graph of XRD patterns of the positive active material 
according to Example 2 and Comparative Example 2. As shown in the 
drawing, an XRD pattern (a in FIG. 3) of the semi-crystalline LiNio.8Coo.2O2 
powder produced by mixing LiOH and Nio. 8 Coo.2(OH) 2 in the acetone solvent 
followed by heat-treating at a temperature of 500 °C for the first heat-treatment 
step only is broad and has peaks that are not significantly high, indicative of a 
semi-crystalline state. Further, an XRD pattern (b in FIG. 3) of the 
LiNio.3Coo.2O2 powder produced by mixing LiOH and Nio. 8 Coo.2(OH) 2 in the 
acetone solvent then heat-treating at a temperature of 500 °C for the first heat- 
treatment step and heat-treating at a temperature of 750 °C for the second heat- 
treatment step has sharp peaks, which indicates a complete crystalline state. 
This XRD pattern is substantially identical to an XRD pattern (c in FIG. 3) of the 
crystalline positive active material of Comparative Example 2 in which Mg is not 
coated. Since the XRD pattern of the positive active material of Example 2 (b 
in FIG. 3) is identical to that of the active material in which Mg is not coated (c in 
FIG. 3), the results indicate that the Mg-oxide does not penetrate into the 
crystalline structure of the positive active material, but coats the surface of the 
crystalline structure. In FIG. 3, " * " indicates Si reference peaks. 

FIG. 4 shows a graph of cycle-life characteristics of coin-type cells 
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prepared according to Example 1 (a in FIG. 4), Example 3 (b in FIG. 4) and 
Comparative Example 1 (c in FIG. 4). A capacity and a cycle life of each of the 
cells were measured by charging-discharging the cells in the voltage range of 
2.8V to 4.3V, at 0.1 C (1 cycle), 0.2C (3 cycles), 0.5C (10 cycles), and 1C (85 
cycles) rates. As shown in FIG. 4, when charge and discharge at a high rate of 
1C, the capacity of the cell according to Example 1 reduced from 72.8 mAh/g to 
66.8 mAh/g (approximately 8%) after 85 cycles, and the capacity of the cell 
according to Example 3 reduced from 1 22 mAh/g to 77.5mAh/g (approximately 
36%) after 85 cycles. On the other hand, the capacity of the cell according to 
Comparative Example 1 reduced from 111.9 mAh/g to 42.6 mAh/g 
(approximately 60%) after 85 cycles. In summary, the results indicate that the 
positive active materials of Examples 1 and 3 are more stable in high-rate 
cycling, therefore improved cycle-life over that of Comparative Example 1 . 

FIGs. 5A and 5B show SEM pictures of the positive active material 
according to Example 5 and Comparative Example 3, respectively. As shown 
in FIGs. 5A and 5B, the surface of the active material of Example 5 is 
apparently different from the surface of the active material of Comparative 
Example 3 as a result of the metal oxide coating on the surface of the active 
material. 

XRD patterns of the positive active materials of Example 5, Comparative 
Example 3 and Comparative Example 4 are shown respectively by lines (A), (B) 
and (C) of FIG. 6. In FIG. 6, " * " indicates Si reference peaks. In FIG. 6, with 
regard to lattice parameters, a-axis is 2.876 and c-axis is 14.151 in the case of 
(a), a-axis is 2.883 and c-axis is 14.150 in the case of (b), and a-axis is 2.872 
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and c-axis is 14.204 in the case of (c). As shown in FIG. 6, significantly 
different XRD patterns are shown for the positive active material of Example 5 
(A) compared to the XRD patterns of the positive active material of Comparative 
Example 4 (C) in which Mg is doped within the structure of the active material 
instead of being coated, whereas the XRD pattern of the active material of 
Example 5 is substantially identical to that of the active material of Comparative 
Example 3 (B) in which Mg is neither doped nor coated on the active material. 
The results indicate that the active material of Example 5 maintains the 
structure of the original active material which is not coated with Mg indicating 
that the Mg stay at the surface without penetrating into the bulk of the material. 
The results also indicate that the electro-chemical characteristics, are improved 
by the surface coating. 

FIG. 7 shows a graph of cycle-life characteristics of the cells according 
to Example 5 and Comparative Example 3 in the voltage range of 2.8V to 4.3V. 
In FIG. 7, the curve (a) corresponds to Example 5 and the curve (b) 
corresponds to Comparative Example 3. As shown in FIG. 7, the capacity of 
the cell for 1C-rate cycling of Example 5 reduced from 140 mAh/g to 90 mAh/g, 
while that of Comparative Example 3 reduced from 140 mAh/g to 60 mAh/g, 
showing that the cell capacity of Example 5 has reduced significantly more than 
that of Comparative Example 3 in the 1C-rate cycling. 

FIG. 8 shows DSC analysis results of the cells according to Example 9 
(b in FIG. 8) and Comparative Example 5 (a in FIG. 8). These results were 
obtained using electrodes from the cells charged at 4.1V. The DSC analysis 
result illustrates the thermal stability of individual sample cells. After charging 
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the cell, the positive active material is converted from LiCo0 2 to Lh- x Co02 (0.5 
< x < 1). The charged active material, Lii- x Co0 2 , becomes unstable as 
temperature is increased releasing oxygen gas due to weakened Co-0 bonds, 
showing an exothermic peak in the DSC curve. The released oxygen may 
react with the electrolyte in the cell causing the cell to explode in the worst case. 
Both the peak temperature and the peak size which represent the amount of 
heat released are a measure of the instability of the charge material of the cell. 

As shown in FIG. 8, the exothermic peak temperature for Comparative 
Example 5 is about 213°C, while that for Example 9 is about 5°C higher 
(approximately 218°C) than that for Comparative Example 5. The amount of 
heat released (peak size) for Example 9 is about half that of Comparative 
Example 5. It is apparent that the Mg coating on the LiCo0 2 powder improve 
the stability of the charged active material, Lii- x Co0 2 . This improved stability 
might be due to the fact that the cobalt-magnesium coating layer may limit the 
access of the charged positive active material to the electrolyte, thereby 
reducing the oxidation of the electrolyte. 

FIG. 9 shows a graph illustrating cycle-life characteristics during 
charging and discharging the cells of Example 9 and Comparative Example 5 in 
the voltage range of 2.75V to 4.1V. In FIG. 9, (a) corresponds to the cell of 
Example 9, while (b) corresponds to the cell of Comparative Example 5. In the 
case of Comparative Example 5, during 100 charge-discharge cycles at 1C rate, 
the capacity of the cell is reduced from 108 mAh/g to 38 mAh/g (a reduction of 
65%), whereas the capacity of the cell of Example 9 is reduced from 114mAh/g 
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to 70mAh/g (a reduction of 39%) under similar cycling conditions. Relative to 
Comparative Example 5, the capacity fading of Example 9 is considerably 
smaller at a high rate (1 C rate), therefore showing improved cycle life. 

FIG. 10 shows a graph illustrating cycle-life characteristics during 
charging and discharging in the voltage range of 2.75V to 4.2V of the cell 
according to Example 9 and Comparative Example 5. In FIG. 10, the curve (a) 
corresponds to the cell of Example 9 and the curve (b) corresponds to the cell 
of Comparative Example 5. In the case of Comparative Example 5, after 100 
charge-discharge cycles at 1 C rate, the capacity of the cell reduced from 1 20 
mAh/g to 15 mAh/g (a reduction of 88%), whereas the capacity of the cell of 
Example 9 is reduced from 129 mAh/g to a low of 96 mAh/g (a reduction of only 
26%). Accordingly, relative to Comparative Example 5, the capacity fading is 
considerably smaller at a high rate and cycle life is significantly greater for 
Example 9. 

FIG. 11 shows a graph of cycle-life characteristics during charging and 
discharging in the voltage range of 2.75V to 4.3V of the cells according to 
Example 9 and Comparative Example 5. In FIG. 11, the curve (a) corresponds 
to the cell of Example 9 and the curve (b) corresponds to the cell of 
Comparative Example 5. Accordingly, relative to Comparative Example 5, the 
capacity fading is considerably smaller at a high rate and cycle life is 
significantly greater for Example 9. 

FIG. 12 illustrates XRD analysis results of the positive active materials 
according to Example 10 and Comparative Example 5. The curve (a) indicates 
XRD analysis results of the LiCo0 2 positive active material according to 
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Comparative Example 5. The curve (b) indicates XRD analysis results of the 
positive active material according to Example 1 0 after the cell was charged at 
4.2V, and the curve (c) indicates XRD analysis results of the positive active 
material according to Comparative Example 5 after the cell was charged at 4.2V. 
As shown in (a) and (c) of FIG. 12, it indicates that as a result of charging, the 
structure of LiCo0 2 changes from a hexagonal structure to a monoclinic 
structure (reference, J. Electro. Chem. Soc. Vol. 143, No. 3, 1006, p. 1114-1122). 
On the other hand, the LiCo0 2 powder of Example 10 maintains its hexagonal 
structure even after charging, indicative of a stable surface obtained as a result 
of the coating of the magnesium oxide. 

Referring to FIG. 13, the curve (b) illustrates DSC analysis results of the 
cell of Example 10 after the cell was charged at 4.2V, and the curve (a) 
illustrates DSC analysis results of the cell of Comparative Example 5 after the 
cell was charged at 4.2V. As shown in FIG. 13, an exothermic peak 
temperature for the oxygen release is 21 1 °C for Comparative Example 5, while 
it is 227 °C for Example 10. Accordingly, Example 10 has about a 16°C higher 
oxygen release temperature than Comparative Example 5. 

In FIG. 14, the curve (b) illustrates DSC analysis results of the cell of 
Example 10 after the cell was charged at 4.1V, and the curve (a) illustrates DSC 
analysis results of the cell of Comparative Example 5 after the cell was charged 
at 4.1V. As shown in FIG. 14, an exothermic peak temperature for the oxygen 
release is 213°C for Comparative Example 5, while it is 227°C for Example 10. 
Accordingly, Example 10 has about a 15°C higher oxygen decomposition 
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temperature than Comparative Example 5, and the amount exothermic heat for 
Example 1 0 is about half that of Comparative Example 5. 

Referring to FIG. 15, (b) illustrates DSC analysis results of the cell of 
Example 11 after the cell was charged at 4.1V, and (a) illustrates DSC analysis 
results of the cell of Comparative Example 6 after the cell was charged at 4.1V. 
As shown in FIG. 15, the cell according to Comparative Example 6 emits heat of 
about 20mW at 223 °C, while the cell according to Example 11 emits heat of 
about 6mW at 232 °C. Accordingly, Example 1 1 has about a 9°C higher oxygen 
decomposition peak temperature than Comparative Example 6, and the amount 
of exothermic heat for Example 11 is about one-third that of Comparative 
Example 6. 

Referring to FIG. 16, (b) illustrates DSC analysis results of the cell of 
Example 12 after the cell was charged at 4.3V, and (a) illustrates DSC analysis 
results of the cell of Comparative Example 7 after the cell was charged at 4.3V. 
As shown in FIG. 16, the cell of Comparative Example 7 emits exothermic heat 
of about 15mW at 213°C, and the cell of Example 12 emits heat of about 10mW 
at 225 °C. Accordingly, Example 12 has about a 12°C higher oxygen 
decomposition peak temperature than Comparative Example 7. 

Referring to FIG. 17, (b) illustrates DSC analysis results of the cell of 
Example 13 after the cell was charged at 4.3V, and (a) illustrates DSC analysis 
results of the cell of Comparative Example 8 after the cell was charged at 4.3V. 
As shown in FIG. 17, the cell according to Comparative Example 8 emits 
exothermic heat of about 10mW at 217°C, and the cell according to Example 13 
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emits heat of about 2mW at 227 1 . Accordingly, Example 13 has about a 10°C 
higher oxygen decomposition peak temperature than Comparative Example 8, 
and the amount of exothermic heat of Example 13 is about one-third that of 
Comparative Example 8. 

FIG. 18 shows a TEM (transmission electron microscope) picture of 
active material according to Example 14. The LiCo0 2 active material not 
coated with Mg-methoxide suspension is a crystalline material having 
approximately a 5im diameter such that the surface of the material is smooth. 
However, in the active material of Example 14, which is coated with Mg- 
methoxide suspension then heat-treated, minute particles of approximately 5- 
15nm surround a periphery of LiCo0 2 , the particles of a composite of cobalt and 
magnesium, a metal oxide such as magnesium oxide, etc. 

FIG. 19 shows a TEM picture of the active material of Example 15. In 
Example 15, the active material is coated with Al-isopropoxide and is heat- 
treated. As shown in FIG. 19, a double layer structure made of a composite 
metal oxide of cobalt and aluminum or a metal oxide such as aluminum oxide is 
formed on the surface of the particles of LiCo0 2 . Accordingly, the active 
material of the present invention coated with metal alkoxide suspension on its 
surface then heat-treated clearly has a different form compared to the material 
that is not processed in this manner. 

FIG. 20 shows a graph of cycle-life characteristics of the cells according 
to Example 16 and Comparative ExampielO. The cells of Example 16 and 
Comparative Example 10 had formation cycles at 0.2C rate, and then were 
charged-discharged at 1 C rate. In FIG. 20, (a) corresponds to Example 1 6 and 
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(b) corresponds to Comparative Example 10. In comparing cycle-life 
characteristics of the cells over 250 cycles, the capacity of Comparative 
Example 1 0 reduced by about 30% compared to its initial capacity, while the 
capacity of Example 16 reduced by only about 20% compared to its initial 
capacity. It indicates that the cycle life of Example 16 is superior to that of 
Comparative Example 1 0. 

FIG. 21 shows a graph of discharge curves of the cell according to 
Example 1 7. After charging the cell at 0.5C rate, the discharge rate was varied 
from 0.2C to 0.5C, 1 C, and 2C to measure cell performance at various rates. 
The cell showed almost full capacity even at 2C rate indicating that it has an 
excellent rate capability. 

FIG. 22 shows a graph of discharge curves of the cell according to 
Comparative Example 11. In comparing the discharge characteristics of 
Example 17 of FIG. 21 and Comparative Example 11 of FIG. 22, the 
characteristics are similar up to 1 C rate, but at 2C rate, the amount of reduction 
in capacity for Example 17 is significantly smaller than Comparative Example 11. 

FIG. 23 shows a graph of cycle-life characteristics of the cells according 
to Example 18 (open circles in the drawing) and Comparative Example 12 (filled 
circles in the drawing). As shown in FIG. 23, cycle-life characteristics for 
Example 18 are better than those of Comparative Example 12 up to about 100 
cycles, after which the characteristics are substantially similar. 

The charge and discharge characteristics of the positive active materials 
according to Example 19 and Comparative example 13 are presented 
respectively by lines (B) and (A) of FIG. 24. It was evident from FIG. 24, the 
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Al 2 0 3 coatings cause to deteriorate capacity and voltage in the Ni-based active 
material. The result is believed that Al reacts with the Ni-based active material 
at the surface of the particle and its structure is modified, thereby deteriorating 
capacity and voltage. These results indicate that a Ni-based positive active 
material obtained from Japanese Patent Laid-Open Hei. 9-55210 exhibits low 
capacity and voltage than a Co-based positive active material of the present 
invention. 

To compare the structure of the synthesized Al 2 0 3 of the present 
invention and the commercial Al 2 0 3 of Comparative example 1 5, the XRD was 
measured. The active Al 2 0 3 was prepared by suspending Al-isopropoxide 
powder in ethanol for 10 hours, drying the resulting suspension at 100 °C for 
24 hours to obtain a white powder and heat-treating the white powder at 600 °C 
for 10 hours. The resulting Al 2 0 3 has amorphous and active properties which 
are different from the commercial Al 2 0 3 having crystalline and inactive 
properties. Such a difference is evidently shown in FIG. 25. The line (A) 
which indicates the XRD result of the inactive Al 2 0 3 in FIG. 25 teaches that it is 
crystalline and the line (B) which indicates the XRD result of the active Al 2 0 3 in 
FIG. 25 teaches that it is amorphous. 

Each of the active Al 2 0 3 and inactive Al 2 0 3 was added, respectively, to 
the mixture of the LiCo0 2 positive active material, a polyvinylidene fluoride 
binder, and a carbon conductive agent to prepare positive active material 
slurries. Using the prepared positive active material slurries, coin-type half- 
cells were fabricated. The charge and discharge characteristics of the coin- 
type half-cells were measured and the results are shown in FIG. 26. For 
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reference, the charge and discharge characteristic of the coin-type half-cells 
containing only LiCo0 2 (A) was shown in FIG. 26. As shown in FIG. 26, the 
coin-type half-cell containing the active Al 2 0 3 and LiCo0 2 (B) (gives higher 
capacity (about 159 mAh/g) than that containing the inactive Al 2 0 3 (C) and 
LiCo0 2 . These results indicate that the commercial inactive Al 2 0 3 does not 
improve the cell performance. It is assumed that the positive active material 
with the commercial Al 2 0 3 according to Comparative example 1 5 (prepared by 
the procedure in U.S. Patent No. 5,705,291) does not improve cell performance. 

The SEM pictures of the positive active materials according to Example 
21 and Comparative example 15 are shown in FIGs. 27 and 28, respectively. 
As shown in FIG. 28, Al is partially doped into LiCo0 2 in Comparative example 
15. In contrast, Al is coated on the LiCo0 2 in Example 15. This difference is 
believed that the Al-isopropoxide solution is used in Example 15 and Al 2 0 3 
powder is used in Comparative example 15. 

In order to identify the structure of the positive active materials precisely 
according to Example 21 and Comparative example 15, an EDX analysis was 
carried out. The results are presented in FIGs. 29 and 30, respectively. It is 
shown from FIGs. 29 and 30 that the structure of the positive active material 
according to Example 21 is different from that according to Comparative 
example 1 5. 

Although the present invention has been described in detail hereinabove, 
it should be clearly understood that many variations and/or modifications of the 
basic inventive concepts taught herein, which may appear to those skilled in the 
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present art, will still fall within the spirit and scope of the present invention, 
defined in the appended claims. 
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WHAT IS CLAIMED IS: 

1. A positive active material for a rechargeable lithium battery 
comprising: 

a core comprising at least one compound represented by Formula 1; 

and 

an active metal oxide shell formed on the core, the metal oxide being 
capable of stabilizing a structure of the active material: 
Formula 1 

UA^x-yBxCyOa, 

where 0 < x < 0.3, 0 < y < 0.01 ; 

A is an element selected from the group consisting of Co and Mn; 

B is an element selected from the group consisting of Ni, Co, Mn, B, Mg, 
Ca, Sr, Ba, Ti, V, Cr, Fe, Cu and Al; and 

C is an element selected from the group consisting of Ni, Co, Mn, B, Mg, 
Ca, Sr, Ba, Ti, V, Cr, Fe, Cu and Al. 

2. The positive active material of claim 1 wherein a metal in the 
active metal oxide shell is an element selected from the group consisting of Mg, 
Al, Co, K, Na and Ca. 

3. The positive active material of claim 2 wherein the metal in the 
active metal oxide shell is Al. 

4. The positive active material of claim 1 wherein the active metal 
oxide has an amorphous phase. 

5. The positive active material of claim 1 wherein the positive active 
material is formed of minute particles in an agglomerated state such that a 
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particle size of the active material is between 0.1 and 100/mi. 

6. The positive active material of claim 1 wherein the positive active 
material is LiCo0 2 . 

7. The positive active material of claim 1 wherein the active metal 
oxide shell is processed with minute particles of 5-1 5nm in size. 

8. A rechargeable lithium battery comprising a positive active 
material, the positive active material comprising a core comprising at least one 
compound represented by Formula 1 and an active metal oxide shell formed on 
the core, the active metal oxide being capable of stabilizing a structure of the 
active materials. 

Formula 1 

LiAl- X -yB X Cy0 2l 

where 0 < x < 0.3, 0 < y < 0.01 ; 

A is an element selected from the group consisting of Co and Mn; 

B is an element selected from the group consisting of Ni, Co, Mn, B, Mg, 
Ca, Sr, Ba, Ti, V, Cr, Fe, Cu and Al; and 

C is an element selected from the group consisting of Ni, Co, Mn, B, Mg, 
Ca, Sr, Ba, Ti, V, Cr, Fe, Cu and Al. 

9. The rechargeable lithium battery of claim 8 wherein the metal in 
the active metal oxide shell is an element selected from the group consisting of 
Mg, Al, Co, K, Na and Ca. 

10. The rechargeable lithium battery of claim 9 wherein a metal in 
the active metal oxide shell is Al. 

1 1 . The rechargeable lithium battery of claim 8 wherein the active 
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metal oxide has an amorphous phase. 

12. A positive active material for a rechargeable lithium battery 
comprising: 

a core comprising LiCo0 2 ; and 
5 an active metal oxide shell formed on the core. 

13. The positive active material of claim 12 wherein a metal in the 
active metal oxide shell is an element selected from the group consisting of Mg, 
Al, Co, K, Na and Ca. 

14. The positive active material of claim 13 wherein the metal in the 
10 active metal oxide shell is Al. 

15. The positive active material of claim 12 wherein the active metal 
oxide has an amorphous phase. 

16. The positive active material of claim 12 wherein the positive 
active material is formed of minute particles in an agglomerated state such that 

15 a particle size of the active material is between 0.1 and 1 00/an. 

17. The positive active material of claim 12 wherein the active metal 
oxide shell is processed with minute particles of 5-1 5nm in size. 

18. A positive active material for a rechargeable lithium battery 
prepared by producing a crystalline powder or a semi-crystalline powder of 

20 Formula 1 ; 

coating the crystalline powder or the semi-crystalline powder with a 
metal alkoxide suspension; and 

heat-treating the coated powder, 

the positive active material comprising a core and an active metal oxide 



shell formed on the core, the metal oxide being capable of stabilizing the 
structure of the active material: 

Formula 1 

LiAi- x -yB x Cy02, 

where 0 < x < 0.3, 0 < y < 0.01 ; 

A is an element selected from the group consisting of Co and Mn; 

B is an element selected from the group consisting of Ni, Co, Mn, B, Mg, 
Ca, Sr, Ba, Ti, V, Cr, Fe, Cu and Al; and 

C is an element selected from the group consisting of Ni, Co, Mn, B, Mg, 
Ca, Sr, Ba, Ti, V, Cr, Fe, Cu and Al. 

19. The positive active material of claim 18 wherein a metal in the 
active metal oxide shell is an element selected from the group consisting of Mg, 
Al, Co, K, Na and Ca. 

20. The positive active material of claim 1 9 wherein the metal in the 
active metal oxide shell is Al. 

21 . The positive active material of claim 1 8 wherein the active metal 
oxide has an amorphous phase. 

22. The positive active material of claim 18 wherein the positive 
active material is formed of minute particles in an agglomerated state such that 
a particle size of the active material is between 0.1 and 100/im. 

23. The positive active material of claim 18 wherein the active metal 
oxide shell is processed with minute particles of 5-1 5nm in size. 

24. A positive active material for a rechargeable lithium battery 
comprising: 
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a core comprising LiCo0 2 ; and 

an active Al 2 0 3 shell formed on the core. 

25. The positive active material for a rechargeable lithium battery of 
claim 24 wherein the active Al 2 0 3 has an amorphous phase. 

26. The positive active material for a rechargeable lithium battery of 
claim 24 wherein the positive active material is formed of minute particles in an 
agglomerated state such that a particle size of the active material is between 
0.1 and 100^m. 

27. The positive active material of claim 24 wherein the active 
Al 2 0 3 shell is processed with minute particles of 5-1 5nm in size. 



44 



ABSTRACT OF THE DISCLOSURE 

Disclosed is a positive active material for a rechargeable lithium battery. 
The positive active material includes a core including at least one compound 
represented by Formula 1 and an active metal oxide shell formed on the core. 

Formula 1 

LiA 1 . X -yB x Cy02 

where 0 < x < 0.3, 0 < y < 0.01 , and 

A is an element selected from the group consisting of Co and Mn; 

B is an element selected from the group consisting of Ni, Co, Mn, B, Mg, 
Ca, Sr, Ba, Ti, V, Cr, Fe, Cu and Al; and 

C is an element selected from the group consisting of Ni, Co, Mn, B, Mg, 
Ca, Sr, Ba, Ti, V, Cr, Fe, Cu and Al. 
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CROSS REFERENCE TO RELATED APPLICATION 

This application is a continuation application of pending prior United 

States Patent Application Serial No. 09/248.202. filed on February 10. 1999. 
which is incorporated by reference herein in its entirety. In addition, Korean 
Patent Application Nos. 98-3755. 98-12005, and 98-42956 filed on February 
10, April 6, and October 14, 1998, and entitled: "Active material for positive 
electrode used in the lithium secondary battery and method of manufacturing 
the same." is incorporated bv reference herein in its entirety. 



M* BACKGROUND OF THE INVENTION 

Si (a) Field of tho Invention 

t„ 15 The pres e nt invention relates to lithium secondary batteries. More 

H= particularly, tho pr e sent invention relates to active material for a pos i tive 

e lectrode used in lithium second batteries and a method of manufacturing th o 
D same in which structural and thermal stability of th o active material arc 

improved, thereby greatly enhancing tho ov e rall safety of tho battery. 

20 (b) Description of tho Related Art 

With th e proliferation in tho use of portable e l e ctronic devices in recent 

times, couplod with advancements made e nabling increasingly small e r sizes 
and w e ights for those devices, research is being actively pursu e d to improve 
onorgy density capabilities of lithium secondary batteri e s. 

25 Lithium secondary batteries utilize material that is able to und e rgo 

lith i um ion intercalation and deinterca l ation r e spectiv e ly for a n e gat i v e e lectrode 
and a positive electrode, and arc filled with organ i c e lectrolyte or polymer 
el e ctrolyte, which enable movement of lithium ions inside tho battery (i.e., back 
to th o negat i ve el e ctrode in tho form of an ionic current). Tho lithium secondary 

30 batt e ry gen e rat e s electrical onorgy by processes of oxidation and r e duction 



which tako plac e when lithium ions undergo i nterca l ation and d o intorcalation in 
th o n o gativo electrode and tho positive electrode, r e sp e ctively. 

In the past, a l though lithium metal was us e d as th e negativ e e lectrod e 

activ e material i n li thium secondary batteries, a serious probl e m of dendrite 
5 forming on a surface of tho lithium m e tal result e d during charg i ng and 
discharging. This may cause a short circuit, or more s e riously may load to tho 
explosion of the battery. To prevent such prob l ems, carbonaceous mat e rial is 
now widely used for tho nogativo active material. Carbonaceous material is 
able to altcrnatingly either roc o ivo or supp l y lithium ions while maintaining its 
10 structural integrity and e lectrical prop e rties, and half of a potential of the c e ll is 
identical to that of l ithium motal during ins e rtion and separation of ions. 

For th e active mater i al of tho positiv e electrode in secondary batt e ries, 

jlT a motal chalcogonido compound, e nabling insertion and separation of lithium 

O ions, is gen e rally used, i.e. composite metal oxides such as LiCoOs r-UMfta^T 

disadvantages of these different mat e rials: tho Mn bas o d active materials, 
H* UMft3Q 4 , and LiMnOa, can e asily synthesize, are loss exp e nsive than th o other 

h mat e rials and give minimal nogativo aff e cts on tho environm e nt, but capacit ie s 

jr of those mater i als are low; LiCoCb is widely used as it exhibits an electrical 

Sj 20 conductivity of roughly 10"^ to 1 S/cm at room temperatur e , provid e s a high 

CI 

ry level of battery voltage, and has e xc e ptional electrode charact e ristics, but is 

unsafe whon charg i ng or discharging at a high rat e , and is more costly than tho 
other materials; and LiNiOj-has a high discharg e and charge capacity and i s 
th e least e xp e nsive of th e above active materials for the positiv e electrod e , but 

25 does not synthesiz e easily. 

G e n e ra l ly, such composit e motal oxides are manufactur e d by mixing 

with a solid raw mat e r i al powder, and this mixture und e rgo e s a solid phaso 
reaction for providing plasticity to th o m i xture. For example, Japan e s e Laid 
opon Publication No. Hoisoi 8 153513 (Sony Corp.) disclos e s a method for 

30 manufacturing LiNi^ GexQ a (0<X<1) in which after a hydroxide containing 
Ni(GH) a and Co(OH) 3 or Ni and Co is m i xed and heat tr e at e d, tho hydroxid e is 
ground and fractionated to diameter sizes of tho partic l es. In another m e thod, 
LiOH, Ni oxide and Co oxide are reacted, and aftor undergoing a first sint e ring 
at 1 00 to 580 6 C to form an oxido, a second sinter i ng is performed at 600 to 
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7&Q°C to manufacturo a porfoct crystalline active material. 



However, in such convent i onal methods, th e r e sulting active material 

has a low d e gre e of both structural and thermal stability, reducing the safety of 
th e battery, (a) Field of the Invention 

5 The present invention relates to a positive active material for a 

rechargeable lithium battery and a method of preparing the same, and more 
particularly, to a positive active material for a rechargeable lithium battery and a 
method of preparing the same in which the positive active material exhibits 
improved structural and thermal stability. 

10 (b) Description of the Related Art 

The use of portable electronic instruments is increasing as electronic 

eguipment gets smaller and lighter due to developments in high-tech electronic 
industries. Studies on rechargeable lithium batteries are actively being pursued 
in accordance with the increased need for a battery having a high energy 

15 density for use as a power source in these portable electronic instruments. 

Rechargeable lithium batteries use material into or from which lithium 

ions are reversiblv intercalated or deintercalated as negative and positive active 
materials. For an electrolyte, an organic solvent or polymer is used- 
Rechargeable lithium batteries produce electrical energy from changes of 

20 chemical potentials of the active material during the intercalation and 
deintercalation reactions of lithium ions. 

For the negative active material in a rechargeable lithium battery. 

metallic lithium was used in the early period of development. However, the 
lithium negative electrode degrades due to a chemical reaction with the 

25 electrolyte. Lithium dissolved in an electrolyte as lithium ions upon discharging 
is deposited as lithium metal on the negative electrode upon charging. When 
charge-discharge cycles are repeated, lithium is deposited in the form of 
dendrites which are more reactive toward the electrolyte due to an enhanced 
surface area, and they may also induce a short circuit between the negative 

30 and positive active materials and even cause an explosion of the battery in the 
worse case. Such problems have been addressed bv replacing lithium metal 
with carbon-based materials such as an amorphous or crystalline carbon. The 
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carbon-based materials reversiblv accept and donate significant amounts of 
lithium without affecting their mechanical and electrical properties, and the 
chemical potential of lithiated carbon-based material is almost identical to that 
of lithium metal. 

For the positive active material in the rechargeable lithium battery, a 

metal chalcogenide compound into or from which lithium ions are intercalated 
or deintercalated is used. Typical examples include LiCoO?. LiMn?04, LiNiO?, 
LiNi-uvCOvO? (0<x<1V or LiMnO?. Mn-based active materials such as LiMn^Oa 
or LiMnO? are the easiest to prepare and thev are less expensive and much 
more environmentally friendly than the other materials, but they have 
significantly smaller capacities than the other materials. LiCoO? exhibits good 
electrical conductivity of 10' 2 to 1 S/cm at ambient temperatures, as well as 
high cell voltage and good electrochemical properties. Therefore, it is widely 
used in commercially available rechargeable lithium batteries, although the 
cobalt-based active material is relatively more expensive than the other 
materials. LiNiO? has an advantage of having the highest specific capacity of 
all, but it is relatively more difficult to synthesize in the desired gualitv level and 
is the least stable of all. 

Thease composite metal oxides are manufactured by a solid-phase 

method. The solid-phase method involves mixing solid raw material powders 
and sintering the mixture. For example. Japanese Patent publication No. Hei 
8-153513 discloses a method in which Ni(QH)? is mixed with CofQHV? or mixed 
hydroxides of Ni and Co are heat-treated, ground, and then sieved to produce 
LiNii.ttCovCb (0< x < 1). In another method, a reactant mixture of LiOH. Ni 
oxide and Co oxide is initially heated at 400 to 580 , and then the heated 
reactant is heated again at 600 to 780 to produce a crystalline active material. 

Another way to produce such composite metal oxides is disclosed in 

Japanese Patent Laid open Hei. 9-55210 (Sony). In this method, a Ni-based 
material is coated with a metal alkoxide to prepare a positive active material. 
The metal alkoxide includes Co. Al or Mn. However, the metal coatings in the 
Ni-based material did not show improvements in the cell performance, e.g. 
capacity and voltage. 

In addition. U.S. Patent No. 5.705.291 (Bell Communications Research. 

Inc.) discloses that LiMn?04 is mixed with aluminum oxide and briefly heated to 



obtain an active material with improved behavior. However, this material did 
not provide with a sufficient improvement in cell performances to satisfy 
commercial needs. 

Therefore, there is sufficient need to develop positive active materials 

5 with improved structural and thermal stability, capacity, and cycle life. 

SUMMARY OF THE INVFNTION 

Tho present invention has boon mado in an offort to fulfill tho abovo 

It is an object of the present invention to provide active material for a 
10 positive olectrodo used in lithium secondary battorioc in which tho active 
matorial has a high doqroo o f recharaeable lithium battery with improved 
u structural and thermal stability , capacity and cycle life . 

^ It is another object of the present invention to provide a method of 

=P manufacturing tho preparinq the positive active material having tho abovo 

yg 15 charactoristico. f or a rechargeable lithium battery. 

To achieve the above objects, the present invention provides a positive 
= active material for a rechargeable lithium battery including a core comprising at 

rf least one compound represented by Formula 1 and a protective active metal 

O oxide shell formed on the core, the active metal oxide being positiv e ol o ctrodo 

O 20 used in lithium secondary battorios of Formula 1 below in which capable of 
iy stabilizing a structure of the active material: 

Formula 1 

LiAi. y . v BvCvO?. 



where 0 < x < 0.3. and 0 < v < 0.01: 

A is an element selected from the group consisting of Co and Mn: 

B is an element selected from the group consisting of Ni. Co. Mn. B. 

Mg, Ca. Sr, Ba. Ti. V. Cr. Fe. Cu and Al: and 

C is an element selected from the group consisting of Ni. Co. Mn. B. 

Mg. Ca. Sr. Ba. Ti. V. Cr. Fe. Cu and Al. 

The positive active material is obtained from a process of preparing 

crystalline powder or semi-crystalline powder of Formula 1 is manufactured, 
and afto r represented by Formula 1. coating the crystalline powd o r or somi 
crystalline powdor w i th motal alkoxido sol, tho coatod powdor is hoatod, 
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thoroby producing an active material that is coatod with a m o tal ox i d o on its 
s u rf 3 c© .■ 

[Formula 1] 

wher e 0 < x < 0.3, and 0 < y < 0.01. 

In the Formula 1 above, A i s an o lcmcnt selected from the group 

consisting of Ni, Co and Mn; B is an element sel e ct e d from the group consisting 
of Ni, Co, Mn, B, Mg, Ca, Sr, Ba, Ti, V, Cr, Fo, Cu and Al;and C is an e l e ment 
selected from tho group consist i ng of Ni, Co, Mn, B, Mg, Ca, Sr, Ba, Ti, V, Cr, 
Fe, Cu and Al. 

or semi-crystalline powder with a metal alkoxide suspension, and heat-treating 
the coated powder. 

BRIEF DESCRIPTION OF TH E DRAWINGS 

Further objects and other advantages of the present invention will 
become apparent from the following description in conjunction with the 
attached drawings, in which: 

FIGs. 1a and 1b are SEM 1A and 1B are scanning electronic 
microscope (SEM) pictures of a positive active material for a positiv e oloctrodo 
used — m — secondary — lithium — batterios prepared according to a first 
e xamplo Example 1 of the present invention; 

FIGs. 2a2A and 2b2B are SEM pictures of a positive active material fef 
a positive electrode used i n secondary lithium batterios prepared according to a 
first comparativo example of tho present invontion; Comparative Example 1: 

FIG. 3 is a graph illustrating XRD patterns of active mat e rial for a 
positive oloctrodo used in secondary lithium batteries according to a s e cond 
example and a second comparativo exampl e of tho present invontion; positive 
active mat erials prepared according to Example 2 (b) of the present invention. 
Comparative Example 2 (c). and semi-crvstalline LiNinsConoO? Ca): 

FIG. 4 is a graph illustrating charge and dischargo cvcle-life 
characteristics o fa battery to which is applied positive material according to tho 
first example, tho f i rst comparativo example and a third example of tho present 
inv e ntion; 

FIGs. 5a and 5b aro SEM pictures of active material for a positive 



olo ctrodo used in secondary lithium batt o rioG according to a fifth oxampl o and a 
third comparativo oxamplo cells prepared according to Example 1 (a) and 
Example 3 (b) of the present invention, and Comparative Example 1 (c): 

FIGs. 5A and 5B are SEM pictures of positive active materials prepared 

5 according to Example 5 of the present invention and Comparative Example 3. 
respectively; 

FIG. 6 is a graph illustrating XRD patterns of active material for a 
positive oloctrodo used in secondary lithium batter i es according to tho fifth 
example, the third comparativo oxamplo and a fourth comparative exampl e of 
io th e pr e sent invontion: positive active materials prepared according to Example 5 
(A) of the present invention and Comparative Example 3 (B) and Comparative 
Examples 4 (C): 

FIG. 7 is a graph illustrating charge and dischargo cvcle-life 
characteristics of a batt o ry to which is applied positive material according to tho 
15 fifth example and the third comparat i vo oxamplo of tho pres e nt i nvontion; cells 
prepared according to Example 5 (a) of the present invention and Comparative 
Example 3 (b): 

FIG. 8 is a graph illustrating PS Gdifferential scanning calorimetrv fDSC) 
analysis results of a positive plate to which i s applied positive materia l 

20 according to a ninth oxamplo and a fifth comparativo oxamplo of tho prosont 
invontion; positive electrodes prepared according to Example 9 (b) of the 
present invention and Comparative Example 5 fa): 

FIG. 9 is a graph illustrating battory characteristics during charging and 
discharging at a lov o l of voltago betw e en 2.75V and 4.1 V of a batt o ry to which 

25 is appl i ed positiv e materia l according to tho ninth oxamplo and th o fifth 
comparativ o oxamplo; cvcle-life characteristics of cells prepared according to 
Example 9 (a) of the present invention and Comparative Example 5 (b) for 
charge and discharge in the voltage range of 4.1 to 2.75V: 

FIG. 10 is a graph illustrating battory charactoristics during charging 

30 and discharging at a lovol of voltago botwoon 2.75V and 4.2V of a battory to 
which is applied positiv e material according to tho ninth oxamp l o and tho fifth 
comparativ o oxamp l o; cvcle-life characteristics of cells prepared according to 
Example 9 fa) of the present invention and Comparative Example 5 (b) for 
charge and discharge in the voltage range of 4.2 to 2.75V: 
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FIG. 11 is a graph illustrating battery characteristics during charging and 
discharging at a lovol of voltage between 2.75V and 4.3V of a batt e ry to which 
is app l ied positive material according to the ninth example and the fifth 
comparative oxamplo; cvcle-life characteristics of cells prepared according to 
Example 9 (a) of the present invention and Comparative Example 5 fb> for 
charge and discharge in the voltage range of 4.3 to 2.75V: 

FIG. 12 is a graph illustrating XRD patterns of active mater i al for a 
positive electrode used in secondary lithium batteries according to a tenth 
e xample and the fifth comparative example of the present inv o ntion; positive 
active materials of Comparative Example 5 (a) before charging, and Example 
10 (b) of the present invention after charging at 4.2V and Comparative Example 
5 (c) after 1 cycle charging at 4.2V: 

FIG. 13 is a graph illustrating DSC analysis results of a positive plat e 
aft e r charged to 4.2V to which is applied positive material according to the tenth 
example and the fifth comparative e xample of the present invontion; positive 
electrodes after charging at 4.2V. prepared according to Example 10 (b) of the 
present invention and Comparative Example 5 (a): 

FIG. 14 is a graph illustrating DSC analysis results of a positive plat e 
after charged to 4.1 V to which is applied positive material according to the tenth 
e xampl e and the fifth comparative example of the present invontion; positive 
electrodes after charging at 4.1V. prepared according to Example 10 (b) of the 
present invention and Comparative Example 5 (a): 

FIG. 15 is a graph illustrating DSC analysis results of a positive plate to 
which i s applied positive material according to an eleventh exampl e and a sixth 
comparativ e e xample of the present invention: positive electrodes after charging 
at 4.1V. p repared according to Example 11 (b) of the present invention and 
Comparative Example 6 (a): 

FIG. 16 is a graph illustrating DSC analysis results of a positive plate to 
which is applied positive material according to a twe l fth example and a seventh 
comparative example of the present invontion; positive electrodes after charging 
at 4.3V. prepared according to Example 12 (b) of the present invention and 
Comparative Example 7 (a): 

FIG. 17 is a graph illustrating DSC analysis results of a positive plate to 
which is applied positive materia l according to a thirteenth exampl e and an 



nighth nnmpnrntivn e xample of the present invontion: positive electrodes after 
charging at 4.3V. prepared according to Example 13 (b) of the present 
invention and Comparative Example 8 (a); 

FIG. 1 8 is a TE Mtransmission electronic microscopy (TEM) picture of a 
5 positive active material prepared according to a fourteenth oxamplo Example 14 
of the present invention; 

FIG. 19 is a TEM picture of a positive a ctive material prepared 
according to a fifte e nth o xampl e Example 1 5 of the present invention; 

FIG. 20 is a graph illustrating a cycle life of a battery to which is applied 
io active mat e rial according to a sixteenth example and a tenth comparative 
example of the present invention : characteristics of cells prepared according to 
Example 16 (a) of the present invention and Comparative Example 10 (b): 

FIG. 21 is a graph illustrating charge and d i scharco charge-discharge 
characteristics of a hnttnry to which is applied pos i tive mater i al cell prepared 
15 according to a sov o ntoonth o xamplo Example 17 of the present invention; 

FIG. 22 is a graph illustrating charg e and discharg e charoe-discharge 
characteristics of a battery to which is appli e d positive material according to an 
nlnvnnth nnmpnrntivn examp l e of the present invent i on: and cell with the 
positive active material prepared according to Comparative example 11. 
20 FIG. 23 is a graph illustrating a cycle life of a battery to which is applied 

active material according to an eighteenth e xample and a twelfth comparativ e 
e xample of the present inv e ntion, cycle life characteristics of cells prepared 
according to Example 18 (open circles) of the present invention and 
Comparative Example 12 (filled circles); 

25 

R ETAILED DESC RIPTION OF THE PREFERRED EMBODIMENTS 

Th e present invent i on relates to active mater i al for a positiv e electrode 

used in lithium secondary batteries of Formula 1 b el ow in which crystalline 
powder or sem i crystalline powdor of Formula 1 is manufactur e d, and aft e r 
30 coat i ng the crystalline powdor or semi crystalline powdor with metal alkoxido 
sol, tho coated powdor i s heated, ther e by producing an activ e material that is 
coated with a metal oxid e on its surfac e . 
[Formu l a 1] 
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UA^BxGyOa 

whoro 0 < x < 0.3, and 0 < y < 0 01 • 

I n tho Formula 1 abovo, A is an ol o mont coloctod from the group 

consisting of Ni, Co and Mn; B is an olcmont coloctod from tho group consisting 
of Ni, Co, Mn, B, Mg, Ca, Sr, Ba, Ti, V, Cr, Fc, Cu and Al; and C is an olomont 
soloct o d from tho group consisting of Ni, Co, Mn, B, Mg, Ca, Sr, Ba, Ti, V, Cr, 
Fo, Cu and Al. 

To synthes i ze a crystalline or a somi crystalline powdor of LiA t-*. 

yBxGyQ a (whoro 0 < x < 0.3; 0 < y < 0.01; A is an olomont so l octod from the 
group consisting of Ni, Co and Mn; B i s an o l omont so l octod from tho group 
consisting of Ni, Co, Mn, B, Mg, Ca, Sr, Ba, Ti, V, Cr, Fe, Cu and Al; and C is 
an ol o m o nt soloctod from tho group consisting of Ni, Co, Mn, B, Mg, Ca, Sr, Ba, 
Ti, V, Cr, Fo, Cu and Al), a uniform mixture of an A, B, C motal salt is produced 
by mixing metal A with metal B to an e quivalent ratio between 70:30 and 100:0, 
and a smal l amount of m o ta l C is added to tho mixtur e . Here, it is possible for 
mota l C to not bo added to tho mixture. W i th regard to tho ratio between metal 
A and metal B, if an equivalent ratio of mota l B exceeds 30%, as changes occur 
in a crystall i ne structure of tho resulting positive electrode active material, 
l ithium ion int e rcalation and d e int e rcalation ar e not smoothly realized. 

I n ordor to uniformly m i x tho A, B, C motal salt powdor, it is preferable 

that tho A, B, C salt is evenly dispersed in a suitable solvent such that a mixed 
solution is produced, and that tho mixod solution und e rgo e s an attr i tor mill i ng 
process. For tho solvent, it is possible to use water, alcohol or acotono, and it is 
proforablo that tho abovo motal salts are not dissolved in tho solvent. Attritor 
milling r e fers to agitating (tho A, B, C motal salt dispersed in tho solvent in this 
case) using an agitator. Hero, a sufficient speed and agitation timo ( e .g., 400 to 
500 rpm for rough l y 1 hour) is used to ensure tho motal salt powdor is uniform l y 

It i s preferable to uso n i ckel salt such as nickel hydroxid e , nick e l nitrite, 

or nickel acetate for tho A meta l salt; for tho B metal salt, it is pr o f o rablo to us e 
cobalt salt such as cobalt hydroxide, cobalt nitride or cobalt carbonate; and for 
the C motal salt i t is preferable to uso aluminum hydroxide or strontium 
hydroxid e . 

After drying tho solvent, in which the mixed powdor is uniformly 
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dispersed, in a drying furnaco at a tomp o raturo of approximately 120 & €-fef 
roughly 24 hours, the resulting material is neat l y ground, thereby producing a 
A4-*?BxCyQ 3(OH)a powder. A lithium salt is added to th e produced powd e r at a 
desired equivalent ratio and mechan i ca ll y mixed th e r e in. For example, the 
mixture of the lithium salt and A 4 -*^B*€ y Qs{QH) a is produced by performing a 
mortar grinder mixing operation. 

For the lithium sa l t, a l though any chemical can bo used which reacts 

w4th-A4^yBx€yO g(OH)a, it is preferable to use lithium nitrite, lithium acetate or 
lithium hydroxide. At this time, to accelerate the reaction betw ee n the l i thium 
salt and A4_^B x €yG £ (QH) 2 , it is preferabl e that a suitable solvent such as 
o thanol, methanol, water or ac e tone i s added, and the mortar grind e r mixing 
operation is performed unt i l the mixture is solvent free. 

The mixture of the lithium salt and A 4 ^B x C y Qa(OH>2 produced by the 

abov e process is heat treated at a tomporaturo betwe e n 4 00 and 600 °€t 
th e r e by producing a LiA j^-yBxGyQa -powdor (i. e ., an active mater i al procursor for 
positive oloctrodos), the powder being in a semi crystal l in e state. 

In another method, the mixture of the produced lithium salt and A ^ 

y B x GyQa{OH)a undergoes a first heat treating process for 1 5 hours at a 
t e mperatur e betw e en 400 and 550 Q C, and a second h e at treating process for 
10 15 hours at a t e mperature between 700 and 900 Q C, thereby producing a 
UA^B^GyQg powdor ( i .e., an active material procursor for a positive 
ol o ctrodo), the powder boing in a crystalline state. If the temperature is b e low 
4Q0° C for the first heat treating process, a sufficient le v e l of reaction with the 
lithium salt is not r e alized, and if the tomporaturo is below 700 e C for the second 
h e at treating process, it is difficult to form the crystalline material of Formula 1 . 
Further, the first and second heat treating processes arc performed in a state 
wher e air is being blown and th e t e mp e rature is increased at a rate of 1 
5 e C/minuto. After heat treating for the lengths of times descr i bed abovo, the 
mixture is natura l ly cooled. Preferably, the crystalline or somi crystalline LiA^ 
yB*€yQ g powdor i s rcmixod at a high tomporaturo so that a more uniform mixing 
of the lithium salt is attained. 

Subsequently, the crysta l line or s o mi crystalline LiA ^yBxGyQ a powder 

is coated with m e tal alkoxido sol. At this timo, i t is preferable that a d i p coating 
m e thod is used as it is simpl e to ex e cute, although it is possible to use other 
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typically applied m e thods such ao a sputtering method or a CVD (chomical 
vapor deposition) method. The mota l alkoxido sol is produced by mix i ng m e tal 
with alcohol at 1 10% by weight of tho alcohol, then rofluxing the mixture. Mg, 
Al, Co, K, Na or Ca, preferably Mg, is used for tho meta l in the motal alkoxide 

5 sol; and either methanol or othano l can bo used for tho alcohol in tho mixture. If 
a concentration of tho m o tal is loss than 1% by weight, advantageous effects of 
coating the metal alkoxido so l on tho LiA ^yB^GyQ a powder ar e not obtained, 
whi l e if tho concentration of tho m o tal exceeds 5% by we i ght, a layer formed by 
the motal alkox i do sol on tho powder becomes too thick. 

io Following tho abovo, tho crysta l line or semi crystalline powd e r coatod 

with motal alkoxido sol is dried in an oven sot at 120 9 C for roughly 5 hours. 
This drying process acts to more uniformly dispers e tho lithium salt in the 
powder. Next, tho crystalline or somi crystalline LiA4 -*yB*€yQ a powder coatod 
with mota l a l kox i d o sol is heat treated for 8 15 hours at a temperature between 

15 4 00 and 900 Q C. That is, in tho case whoro tho powder is crystalline, it is 
preferable that tho heat treating temperature is s o t between 400 and 600 Q €r 
wher e as tho preferable temperature is between 700 and 900 6 C in the case 
whoro tho powder is somi crystallin e . 

By tho abovo hoat treating process, tho metal alkox i do sol changes to a 

20 m o ta l oxid e , and tho somi crystalline LiA ^^B^GyQ a powder changes to a 
crystalline powder, resulting in tho production of positive electrode active 
material of Formula 1 in which motal oxide is coated on a surface of a 
crystall i n e L i A4 - x - y B x G ¥ Q g powder. Th o motal oxide formed on the surface of th e 
activ e material can bo either a composite m o tal oxide obtained from at least 
25 one of tho A, B or C metals and tho motal alkoxido, or a motal oxide obtained 
from only tho m o ta l alkoxido. For example, by heat treating LiCoO^ after 
coating tho same with aluminum alkoxido, a positive electrode active material 
of a composite meta l oxide of cobalt and a l uminum, and/or a positive el e ctrode 
activ e mat e rial on a surface of which aluminum oxide is processed can be 
30 obtain e d. To produce a more un i form crystalline active material, it is preferable 
for dry air or oxygen to b e blown during tho heat treating process. At this tim e , 
if tho hoat treating temperature is below 400 e C, since tho coatod motal alkoxido 
sol do e s not become crystallized, use of tho resulting active material i n a 
batt e ry causes i nterference of movement of lithium ions therein. 
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I n th o positive oloctrodo active material produced as in tho abovo, oinco 

minut e particles arc in an agglomerated state, particle size of tho active 
mntnrin l is between 0.1 and 100 urn 7 FIG. 24 is a graph illustrating the charge 
and discharge characteristics of the positive active materials according to 
Example 19 (B) of the present invention and Comparative example 13 (A): and 

FIG. 25 is a graph illustrating XRD results of a synthesized AI9O3 (B) 

and a commercial AbChfA); 

FIG. 26 is a graph illustrating the charge and discharge characteristics 

of the coin-type half-cells containing LiCoO? (A) and LiCoO? coated with AI7O3 
(B) and LiCoQ? coated with a commercial AbCh (C): 

FIG. 27 is a SEM picture of a positive active material according to 

Example 21 of the present invention; 

FIG. 28 is a SEM picture of a positive active material according to 

Comparative example 1 5; 

FIG. 29 is a graph illustrating an EDX result of a positive active material 

according to Example 21 of the present invention; and 

FIG. 30 is a graph illustrating an EDX result of a positive active material 

according to Comparative example 1 5. 

DETAILED DESCRIPTION OF THE INVENTION 

A positive active material of the present invention includes a core 
including at least one compound represented by Formula 1 and a protective 
active metal oxide shell formed on the core: 
Formula 1 

LiAl.y-vByCvQ?, 

where 0 < x < 0.3. and 0 < v < 0.01 : 

A is an element selected from the group consisting of Co and Mn; 

B is an element selected from the group consisting of Ni, Co. Mn, B, 

Mg. Ca, Sr. Ba. Ti, V. Cr. Fe. Cu and Al: and 

C is an element selected from the group consisting of Ni. Co. Mn, B. 

Mg. Ca. Sr. Ba. Ti. V. Cr. Fe. Cu and Al. 

The core preferably includes LiCoO?. and a metal in the active metal 

oxide includes Mg. Al. Co. K. Na or Ca. and preferably Al. Thus, the preferred 
metal oxide is active AbO^. The active metal oxide has an amorphous phase. 
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The metal oxide is capable of stabilizing the active material. 

A method of preparing the positive active material will be illustrated in 

more detail. 

An A-metal salt is mixed with a B-metal salt in an eouivalence ratio of 

between 70:30 and 100:0. Alternatively, a trace amount of a C-metal salt may 
be added to the mixture. If the B-metal salt is present over 30% of the sum of 
A- and B-metal salts, intercalation and deintercalation reactions of lithium ions 
do not proceed without changes in a crystalline structure of the resulting 
positive active material. 

The mixing procedure is preferably performed by dispersing the A-, B- 

and C-metal salts in a suitable solvent and milling the resulting suspension by 
using an attritor. Although the solvent may be any solvent in which the A-. B- 
and C-metal salts are not soluble, preferable examples include water, an 
alcohol or acetone. Here, the milling is performed at a sufficiently high rate for 
a sufficient period of time to allow uniform mixing, for example. 400 to 500 mm 
for about 1 hour. 

For example, a nickel salt such as nickel hydroxide, nickel nitrate, or 

nickel acetate may be used for the A-metal salt: for the B-metal salt, a cobalt 
salt such as cobalt hydroxide, cobalt nitrate or cobalt carbonate may be used: 
and for the C-metal salt, aluminum hydroxide or strontium hydroxide may be 
used. 

The resulting suspension is dried in a drying furnace at about 120 for 

24 hours and the dried material is ground to prepare an Ai-Y-yBXyfOH)? 
(0<x<0.3. 0<v<0.01) powder. A lithium salt is added to the produced powder in 
a desired eouivalence ratio and mechanically mixed. For example, the mixture 
of the lithium salt and Ai-v-vByC y (OH)? is produced bv mixing them in a mortar or 
grinder. 

For the lithium salt, although any one of many simple lithium salts that 

react with Ai.Y- Y BvCy(OH)9 may be used, it is preferable to use lithium nitrate, 
lithium acetate or lithium hydroxide. In order to facilitate the reaction between 
the lithium salt and Ai.y. Y ByC y(OH)?. it is preferable that a suitable solvent such 
as ethanol. methanol, water or acetone is added, and then the mixture is mixed 
well bv grinding in a mortar until excess liguid solvent disappears from the 
mixture. 
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The mixture of the lithium salt and Ai.y. y ByC y (OH)? is heat-treated at a 

temperature between 400 and 600 . thereby producing a crystalline or semi- 
crvstalline,. positive active material precursor LiAi.v. Y BvC Y 07 powder. 
Alternatively, the mixture of the lithium salt and Ai. Y .vB y C Y (OI-n? is heat- 

5 treated for 1 to 5 hours at a temperature between 400 and 550 (first heat- 
treatment), and the resulting material is again heat-treated for 10 to 15 hours at 
a temperature between 700 and 900 (second heat-treatment 1 ), thereby 
producing a crystalline or a semi-crystalline positive active material precursor 
UAi-v-y ByC yO? powder. If the first heat-treatment temperature is below 400 , 

io the metal salts do not react completely with the lithium salts, and if the second 
heat-treatment temperature is below 700 . it is difficult to form the crystalline or 
the semi-crvstalline material of Formula 1. The first and second heat- 
treatments are performed by increasing the temperature at a rate of 1 to 5 /min 
in a stream of air. The mixture is cooled slowly after turning off the heating 

15 source. Preferably, the IjAi.y.vByCyQ? powder is then reground to distribute the 
lithium salts uniformly. 

Subseguentlv. the crystalline or semi-crvstalline LiAi-y-vByCyO? powder 

is coated with a metal alkoxide suspension. The coating process may be 
performed bv dip-coating or bv using any other general-purpose coating 

20 technigue. Alternatively, the coating may also be achieved bv a sputtering 
method, a chemical vapor deposition (CVD) method. Any other coating 
technigues, if available and applicable, may be as effective as the methods 
described herein, but it is preferable to use a dip-coating method using a metal 
alkoxide suspension since it is simple to use and economical. 

25 The metal alkoxide suspension is prepared bv mixing the metal or metal 

alkoxide powder with an alcohol at 1 to 10% bv weight of the alcohol, preferably 
followed bv refluxing the mixture. The metal of the metal alkoxide may be Mo, 
Al. Co. K, Na or Ca. preferably Al. and the alcohol may be methanol, ethanol or 
isopropanol. For the dip-coating process, if the concentration of the metal is 

30 less than 1% bv weight, advantageous effects of coating the L iAi.Y- Y B y C Y Q? 
powder with the metal alkoxide suspension are not sufficient, while if the 
concentration of the metal exceeds 10% bv weight, the coating layer formed bv 
the metal alkoxide suspension on the powder becomes too thick. 



After dip-coatina the crystalline or semi-crvstalline powder with the 

alkoxide suspension, the wet powder is dried in an oven at 120 for about 5 
hours. This drying step is performed to distribute lithium salt uniformly in the 
powder. The dried crystalline LiAi.v-yBvCyCb powder with coating layer is heat- 
treated for 8 to 15 hours at a temperature between 400 and 900 . In the case 
where the powder is crystalline, it is preferable that the heat-treating 
temperature is set between 400 and 600 . whereas the preferable temperature 
is between 700 and 900 in the case where the powder is semi-crvstalline. 

Bv the heat-treating process, the metal alkoxide suspension is 

converted to metal oxide, and the semi-crvstalline LiAi.y.vByCyO? powder is 
converted to a crystalline powder, resulting in the production of positive active 
material of Formula 1 in which metal oxide is coated on a surface of a 
crystalline LiAi.y.vByCyO? powder. The metal oxide formed on the surface of the 
active material can be either a composite metal oxide obtained from at least 
one of the A-. B- or C- metals and the metal alkoxide. or a metal oxide obtained 
from only the metal alkoxide. For example, bv heat-treating LiCoO? coated with 
aluminum alkoxide. a positive active material of a composite metal oxide of 
cobalt and aluminum, and/or a positive active material with a surface on which 
aluminum oxide is coated, can be obtained. To produce a more uniform 
crystalline active material, it is preferable to dry in air or oxygen bv blowing it 
thereon during the heat-treating process. If the heat-treating temperature is 
below 400 , since the coated metal alkoxide suspension does not become 
crystallized, the resulting active material does not give good performance in a 
battery since the movement of lithium ions therein is hindered. 

The resulting positive active material prepared bv the process described 

above is made of agglomerated minute particles, the particle size being 
between 0.1 and 100 . 

The prosont i nv e ntion will now bo d o scribod in dotai l . f ollowing examples 
further illustrate the present invention. 

(Example 1) 

Ni(OH) 2 powde r(Tanaka Co. of Japan) and Co(OH) 2 ( Kojyundo 
Ch e mical of Japan) powder were mixed to an equivalent ratio of 0.8/0.2 in an 
equivalence ratio of 0.8:0.2 and dispersed in water, aft e r which tho mixture 
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underwent an attritor m i lling process for approximately 60 minut e s at 450 rpm 
to uniformly mix the mixture. and the resulting material was mixed and milled by 
using an attritor for 60 minutes at 450 rpm. The resulting mixture was dried in a 
drying oven at 120 for about 24 hours, and the Next, after drying tho m i xod 
powdor dispersed in wator in a dry i ng ovon at 120°C for approximately 2 4 
hours, th o resulting dry mixture was even l y ground, thereby producing 
N^Ge^OH)^ LiOH (Junsoi Co. of Japan) was added to tho Nio ^Go^^OHfe-te 
provide 1 equivalent weight of l i thium and tho mixtur e underwent mortar grind e r 
mix i ng such that a Ni^ Goo ^COHYi mixture was produced . dried mixture having a 
composition of Nin aCon^OH)? was evenly ground. To this powder, a 
stoichiometric amount of LiOH was added, followed bv grinding the resultant 
powder mixture in a mortar to achieve an even blend. 

After th e above, th e T he resultant powder mixture was heat-treated at 
§QO °C for approximately 5 hours, thereby producing a LiNie ^Ge^Oa 
powd e r. 500 for about 5 hours to obtain a semi-crvstalline powder of 
LiNinaCon ?Q?. The semi-crystalline LiNio.8Coo.2O2 powder was then dip-coated 
iftwith a Mg-methoxide sol, producod suspension. The Mg-methoxide 
suspension was prepared by refluxing Mg powder of 4% by weight o fmethano l , 
after which tho Mg mothoxide methanol. The coated semi-crystalline powder 
was remixed at a high temperature in a state wh o r o dry air was boing blown 
thereon. According l y, th e stream of dry air to distribute lithium salt was uniformly 
dispersed . uniformly. The resulting material was then heat-treated for 12 hours 
at 7£Q °C in a state whoro dry air was blown thoroon. 750 in a stream of dry air 
to obtain a coated crystalline positive active ther e by producing crystal l ine active 
material for a positive oloctrodo used in l i thium secondary batteries. 
-material. 

The active material manufactured as i n tho above, conductiv e mater i al 
(carbon, product name: Suo o r P). positive active material, a conductive agent 
(carbon), a binder (polyvinylidene fluorid e, product nam e : KF 1300 ) and a 
solvent (N-methyl pyrrolidone) were mixed to produce an prepare a positive 
active material composite slurry for a positiv e e lectrod e . slurrv. The slurry was 
then cast into a tape shap eon an Al foil current collector to manufacture a 
positive electrode. Using this positive electrode, Li metal as a counterpart 
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oloctrode. a Li-metal counter electrode, a sheet of microporous polypropylene 
separator, and an electrolyte i ncluding both a solution of 1M LiPFs in a 1:1 
volume mixture of ethylene carbonate (EC) and dimethyl carbonat oat a 1:1 
volume ratio, and L i PFs, a co i n coll typo half coll was manufacturcd. (DMC), a 
coin-type half-cell was fabricated. 
(Example 2) 

Except for adding othano l to acc o lerat e A coin-type half-cell was 
fabricated bv the same procedure as in Example 1. except that acetone was 
added to the mixture of the lithium salt and Nin«Con?(QH)7 in order to facilitate 
the reaction between LiOH and N^Go^QH)^ and performing mortar grind e r 
mixing until nearly all tho acotono was no longer prosont in tho m i xture (a 
solvent froo state), tho samo method as that usod in Example 1 above was 
us o d to produco NinaCon?(OH)7. and mortar/grinder mixing was performed until 
liquid acetone positiv o oloctrod o active material for a lithium s e condary batt e ry 
nnri tn manufactur e a coin coll tvpo half cell- disappeared from the mixture, 
instead of dry grinding as in Example 1. 

(Example 3) 

Aft e r producino A coin-type half-cell was fabricated bv the same 
procedure in Example 1. except that a mixture of lithium salt and 
NWCoo ^OH)^ except for heat treat i ng tho mixture for approximat e ly five 
hours at 600 0 GNin«Con?(OH)? was heat-treated for about five hours at 600 
instead of 500 as in Example 1 . to produce a semi-crystalline LiNio.5Coo.2O2 
powder, tho samo method as that usod in Example 1 above was usod to 
produce posit i vo o l octrode activ e powder- 
material for a lithium secondary batt e ry and to manufacture a co i n col l typo half 

qq|| 

(Example 4) 

After produc i no A coin-type half-cell was fabricated bv the same 
procedure in Example 2. except that a mixture of lithium salt and 

Nie^Ge^fOM)^ except fef hoat treating the mixture fe* 

approximat e lv NinaCon?(OI-07 was heat-treated for about five hours at 
§QQ°€600 . to produce a semi-crystalline LiNio.8Coo.2O2 powdor, tho samo 
method as that used in Example 2 above was usod to produce positivo 
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o l o ctrodo active powder. 

material for a lithium s e condary battery and to manufacture a coin coll typo half 
cc ll 

(Example 5) 

5 Ni(OH) a (Tanaka Co. of Japan) and Co(OH) a (Kojyundo Ch e m i cal of 

Japan) were mixed to an equivalent ratio of 0.8/0.2 and disp e rsed in wat e r, 
after which the mixture und e rwent an attritor milling process for approximat e ly 
60 minutes at 4 50 rpm to uniformly mix th e mixtur e . N e xt, aft e r drying th e 
mixed powder disp e rsed Ni(OH)? and Co(OH)? were mixed in an 

10 equivalence ratio of 0.8:0.2 and dispersed in water. The resulting mixture was 
mixed well by milling with an attritor for about 60 minutes at 450 rpm. The 
mixed powder was dried in water in a drying oven at 4£Q G C for approx i mately 
24 hours. 120 for about 24 hours and the resulting dry mixture was evenly 
ground, thereby producing Nio. 8 Coo.2(OH)2. LiOH (Junsoi Co. of Japan) was 

15 added to the Ni 0 .8Coo.2(OH) 2 to provide 1 equivalentwekjbt of lithium, and 
ethanol was added to accolorato facilitate a reaction between the LiOH and 
Nio^GOj^QH fe, after which the mixtur e underwent mortar grinder mixing unt i l 
almost al l the ethanol was no longer present i n the mixture. 
NinsCon?(OH)? and the mixture was mortar/grinder mixed until liquid ethanol 

20 disappeared from the mixture- 
After the above, the ful l y mixed T hereafter. the mixture was placed in an 
aluminous alumina crucible and heat-treated at 400 & C in a stat e whor e dry air 
was blown on the mixture, then aqain 400 in a stream of dry air, and then heat- 
treated again f or 12 hours at 7§6°G r750 . In both the heat-treating processes, 

25 the temperature was raised at a rate of £ 6 €/ffHfb r3 /min. The mixture was 
allowed to stand at the first and aft e r reaching th e targ e t temp e ratures ( 4 00 6 C 
and 750°C) and maintaining this stat e for a predet e rmined time, the mixture 
was naturall v second heat-treating temperatures for predetermined times, and 
the mixture was slowly cooled to produce a LiNio.sCoo.2O2 powder. 

30 The LiNio.aCoo.2O2 powde rproduced as in th e abov e was then dipped in 

Mg mothoxide so l for approximate l y 10 minut e s, then r e moved from the sol 
solution. a Ma-methoxide suspension for about 10 minutes and the coated 
LiNin s Con^O? powder was then separated from the suspension. Subsequently, 



the powder was dried in an oven set at 120°C for approximat e lvat 120 for 
about 5 hours, thereby producing LiNio.8Coo.2O2 powder coated with the Mg- 
methoxide. The powder was then heat-treated at a temperature of §OO e G-f©f 
approximate l y 10 hours in a state whero dry air was blown on tho powdor, 
thoroby completing the production of tho active mat e rial for positive ol o ctrodes 
nr . nd in lithium secondary battorios. 500 for about 10 hours in a stream of dry 
air, thereby producing a positive active material. 

Using the positive cl octrode active material manufactured as in the 
nhovn, a coin col l typo half coll was manufactur e d active material, a coin-type 
half-cell was fabricated according to the method used in Example 1. 

(Example 6) 

Exc e pt for mixing Ni(OH) a (Tanaka Co. of Japan) and Co(OH) a 
(Kojyundo Chemical of Japan) to an oquivalont ratio of 0.0/0.1 to r e sult in 
posit i ve oloctrodo A coin-type half-cell was fabricated bv the same procedure in 
Example 5 except that NiCOI-n? was mixed with Co(QH)? in an equivalence ratio 
of 0.9:0.1, thereby producing a positive active material having a formula of 
UNIfteGoo^Q a, tho sam o method as that us e d in Example 5 abovo was used to 
manufacture a half LiNingCon iO?. 

qq| | 

(Example 7) 

Except for heat treating tho A coin-tvoe half-cell was fabricated bv the 
same procedure as in Example 5 except that the Mg-methoxide coated 
LiNio.8Coo.2O2 powder at-6QO °C, tho samo method as that used in Example 5 
abov o was used to manufacture positive electrode active matorial and a half 
eetf rwas heat-treated at 600 . 

(Example 8) 

Except for heat treating the A coin-type half-cell was fabricated bv the 
same procedure as in Example 6 except that the Mg-methoxide coated 
LiNio.9Coo.1O2 powder at-§QO e C, th o samo method as that used in Exampl e 6 
abovo was used to manufacture posit i ve electrode active matorial and a half 
eeUrwas heat-treated at 600 . 

(Example 9) 

LiOH (Junsoi Co. of Japan) and Co(OH) 2 (Kojyundo Chem i cal of Japan) 
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were mixed tern a 1 :1 mole ratio. After adding an A sufficient amount of ethanol 
to this mixture suffic i ent to induce thorough reaction of tho two ch o mica l s.w as 
added to the mixture to fabricate the reaction, and the mixture was mixed in a 
mechanical mortar mixer for approximately 1 about 1 hour until liquid solvent 

5 disappeared from the mixture- 
hour, or until n e arly all tho solvent was no longer present in th o powdor mixture. 

Next, the fully mixod The mixed powder was placed in an aluminous 
crucible and heat-treated for 5 hours at 4QQ °C i n a stato wher o dry air was 
blown on th o mixtur e , then aaain l OO in a stream of dry air, then heat-treated 

10 again f or 12 hours at 7§Q 9 € t750 . In both the heat-treating processes, the 
temperature was raised at a rate of £ e C/min.. and 3 /min. The mixture was 
allowed to stand at the first aft e r reaching the target t o mp o raturos (400 e C and 
7§0 e C) and maintaining this stato for a predetermin e d timo, tho m i xture was 
natural l y cooled to produc e a crvstall i ne and the second heat-treating 

15 temperatures for predetermined period of time and was slowly cooled to 
produce a LiCo0 2 powder. 

The LiCo0 2 powde rproduced as in the abov e was then dipped in M§- 
methoxide sol for approx i mately 10 minutos, th e n romovod from the sol 
solution. a Mg-methoxide suspension for about 10 minutes, and the coated 

20 LiCoQ? powder was then separated from the suspension. Subsequently, the 
powder was dried in an oven sot at 120 Q C for approximatelv at 120 for about 5 
hours, thereby producing LiCo0 2 powder coated with the Mg-methoxide. The 
powder was then heat-treated at a temperature of SGO°C for approximately 10 
hours in a stat e wh e r e dry a i r was blown on th e powder, th e reby compl e ting the 

25 production of the active material for positiv e e l ectrod e s used in lithium 
s e condary batt e ri e s. 600 for about 10 hours in a stream of dry air, thereby 
producing a positive active material. 

Using the positive oloctrodo act i ve mater i al manufactured as in tho 
above, a coin co l l typo half coll was manufactured according to active material. 

30 a coin-type half-cell was fabricated according bv the method used in Example 
1. 

(Example 10) 

Except for heat treat i ng the LiCoOa powder coated with the Mg 
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mothoxido at a temperature of 700 e C, tho same method as that used in 
Exampl e 9 abov e was used to manufacture positiv e o lcctrod o active material 
and a half cell. A coin-type half-cell was fabricated bv the same procedure as in 
Example 9 except that the Mq-methoxide coated LiCoQ? powder was heat- 
5 treated at a temperature of 700 . 
(Example 11) 

Except for heat treating the A coin-type half-cell was fabricated bv the 
same procedure as in Example 5 except that the Mq-methoxide coated 
LiNio.8Coo.2O2 powder coated with tho Mo methoxide w as heat-treated at a 
10 temperature of 7QQ Q C, tho same m e thod as that used in Example 5 above was 
used to manufacture positiv e electrode activ e materia l and a half c e ll. 70CK 

(Example 12) 

La 

q N i (OH)a (Tanaka Co. of Japan), Co(OH) a (Kojyundo Chemical of 

JaeaR WNi(OH)?. Co(OH)?, and AI(OH) 3 were mixed to an equivalent ratio of 
M. 15 0.8/0.15/0.05 and d i spersed in wator, after which tho mixture underwent an 
attr i tor milling process for approximately 60 minutes at 450 rpm to uniformly mix 
tho mixture. Noxt, after drying tho mixed powder disp e rs e d in wat o r in a drying 
oven at 120°C for approximately 2 4 hours. in an equivalence ratio of 
0.8:0.15:0.05 and dispersed in water. The resulting mixture was mixed well bv 
milling with an attritor for about 60 minutes at 450 rpm. The mixed powder was 
dried in a drying oven at 120 for about 24 hours and the resulting dry mixture 
was evenly ground, thereby producing Nio.8Co 0 .i5AIo.o5(OH) 2 . LiOH (Juns o i Co. 
of Japan) was added to the Nio.8Co 0 .i5Alo.o5(OH) 2 to pfev4demake 1 equivalent 
of lithium per formula w eight of lithiuffl rthe hydroxide, and ethanol was added to 
accelerate a facilitate the reaction between the LiOH and N4o T s€e QT 4sA4fto§ (Q H) a r 
after which tho mixture underwent mortar grinder mix i ng until almost all tho 
ethanol was no longer present in tho mixture (i.e., until the m i xture was solvent 

NinsCooisAlnns(OH)7. The mixture was mixed in a mortar until liquid ethanol 
disappeared from the mixture. 

After tho above, tho fully mixod T he mixed mixture was placed in an 
aluminous alumina crucible and heat-treated at 4QQ & C in a stato whor e dry air 
was blown on tho mixture, then aga i n heat treated for 12 hours at 750°C. In 
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both the d OO in a stream of dry air, then heat-treated again for 12 hours at 
750 . In both heat-treating processes, the temperature was raised at a rate of 
£ e C/min.. and 3 /min. The mixture was allowed to stand at the first and the 
second aftor reaching tho target temperatures (40Q 8 C and 75 0 6 C) and 
mainta i ning this stato for a prodotorminod timo, th e mixture was naturally 
cooled to produce a Nin ^Gea4^a ^(OH) 3 heat-treating temperatures for 
predetermined period of time and was slowly cooled to produce a 
LiNinsCon isAlofyqO? powder. 

The N4e 7 gGee T 4€Ab T Q§ (OH) a powder produced as in the abovo was thon 
dipped in Mg m e thoxide sol for approximately 10 minutes, then removed from 
tho so l so l ution. LiNinaConi.^lnnsO? powder was then dipped in a Ma-methoxide 
suspension for about 10 minutes and the coated LiNinsComfAlnnfiO? powder 
was then separated from the suspension. Subsequently, the powder was dried 
in an oven s e t at 120°C for approximat e lv at 120 for about 5 hours, thereby 
producing NiaaGoaAsAla^QHkLiNin sCon isAlo n.qO? powder coated with the Mg- 
methoxide. The powder was then heat-treated at a temperature of 7-OQ°C for 
approximate l y 10 hours in a stato whore dry air was blown on th o powdor, 
thoroby compl e ting tho production of tho active mat e rial for positive el e ctrodes 
usod in lithium 700 for about 10 hours in a stream of dry air, thereby producing 
a positive active material- 
secondary batteries. 

Using the positive electrod e act i v e material manufactur e d as in th e 
above, a coin coll tvoo half coll active material, a coin-type half-cell was 
manufactured according to the method used in Example 1 . 

(Example 13) 

Ni(OH) a (Tanaka Co. of Japan), Co(OH)a (Kojyundo Ch o mica l of 
Jaean ^Ni(OH)7. Co(OI-07. and Sr(OH) 2 were mixed to an equivalent rat i o of 
0.9/0.0985/0.002 and dispersed in wat e r, after which tho mixture underwent an 
attritor mil l ing process for approximately 60 minut e s at 4 50 rpm to uniformly mix 
the mixtur e . Next, aft e r drying th e mixed powder disp e rs e d i n wat e r i n a-dr - y i ng 
oven at 120°C for approximately 2 4 hours. in an equivalence ratio of 
0.9:0.098:0.002 and dispersed in water. The resulting mixture was mixed well 
by milling with an attritor for about 60 minutes at 450 rpm. The mixed powder 
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was dried in a drying oven at 120 for about 24 hours, and the resulting dry 
mixture was evenly ground, thereby producing Ni 0 .9Co 0 .o98Sro.oo2(OH)2. 
LiOH (Juns e i Co. of Japan) was added to the Nio.9Coo.o98Sr 0 .oo2(OH) 2 to provide 
1 equivalent woight of lithium, and ethanol was added to accolorato f acilitate a 
reaction between the LiOH and Ni &r& Ge Q . oQ8 S f 0.002 (Q H ) 2 - 
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underw e nt mortar grindor mixing until almost all th o othanol \ 
present in the mixture (i.e., until tho mixture was solvent froo). 
NinqCon nPsSrnnn?(OH')7. The mixture was mixed in a mortar until liquid ethanol 
disappeared from the mixture- 
After the above, tho fully mix e d Thereafter, the mixed mixture was 
placed in an aluminous alumina crucible and heat-treated at 4QQ Q C in a stat e 
where drv air was blown on tho mixture, then aqa i n 400 in a stream of dry air, 
then heat-treated again f or 12 hours at 75Q 6 € t750 . In both the heat-treating 
processes, the temperature was raised at a rate of £ 6 C/min., 3 /min. The 
mixture was allowed to stand at the first and after reaching tho target 
tomp o raturoo (400 e C and 750 6 C) and maintaining this stato for a pred e termined 
time, th e mixtur e was naturally coo l ed to produce a N io^Goo^Sro^fOH^Ttjie 
second heat-treating temperatures for predetermined period of time, and the 
mixture was slowly cooled to produce a crystalline LiNingConngsS rooo 2 02 
powder. 

dipped in Mg methoxid e so l for approximately 10 minutes, then r e moved from 
tho sol solution. LiNinQConnqsSrnno?C>7 powder was then dipped in a Mq- 
methoxide suspension for about 10 minutes and the coated 
LiNinQConnQsSrnno?Q? powder was then separated from the suspension. 
Subsequently, the powder was dried in an oven sot at 120°C for 
approximatolv at 120 for about 5 hours, thereby producing 
Nio-aGeo-RoaSf Q-ooa4QH^aL i N in gCon ngsSrn no?Q? powder coated with the Mg- 
methoxide. The powder was then heat-treated at a temperature of7-QQ e C for 
approximately 10 hours i 



state wher e dry air was blown on th e powd e r, 



thereby c 



1 of the active material for positive o loctrodos 



used in lithium secondary battorios. 700 for about 10 hours in a stream of drv 
air, thereby producing of a positive active material. 
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Using the positive el e ctrode active material manufactured as i n th e 
abov e , a coin cel l typo ha l f coll active material, a coin-type half-cell was 
manufactured according to the method used in Example 1. 

(Example 14) 

LiCoOa powd o r (NC 5 produced by Nippon Chemica l of Japan) was 
dipp e d in Mg methoxide sol for approx i mately 10 minutes, then r e moved from 
the sol solution. A commercial LiCoO? powder having average particle diameter 
of 5 was dipped in a Mg-methoxide suspension for about 10 minutes and the 
coated LiCoO? powder was then separated from the suspension. This powder 
was then dried in an oven s e t to 120 Q C for approximat e lv at 120 for about 5 
hours, thereby producing LiCo0 2 powder coated with Mg-methoxide. The 
LiCoOa powdor coatod w i th Mg methoxido subs o quontly was h o at treat e d for 
approximately 10 hours at 600 e C in a state whoro dry air was blown on the 
powd e r to produce activ e mat e rial for a positive el e ctrode us e d in lithium ion 
batt e r ie s. Mq-methoxide coated LiCoO? powder was subsequently heat-treated 
for about 10 hours at 600 in a stream of dry air to produce a positive active 
material. 

(Example 15) 

LiCoCb powd e r (NC 5 produced by Nippon Ch e mical of Japan) was 
dipp e d i n A l isopropoxide sol for approximat e ly 10 minutes, then r e mov e d from 
the sol solution. A commercial LiCoO? powder having average particle diameter 
of 5 was dipped in an Al-isopropoxide suspension for about 10 minutes, and 
the coated LiCoO? powder was then separated from the suspension. This 
powder was then dried in an oven s o t to 120 e C for approximatelv at 120 for 
about 5 hours, thereby producing LiCo0 2 powder coated with Mg methoxide. 
Th o LiCoOa powdor coat e d with Al isopropox i do subsoquontly was hoat treated 
for approximately 10 hours at 600°C in a state wh e r e dry air was blown on tho 
powd e r to produce active mat e rial for a posit i v e-ele ctrod e us e d in lithium - ion 
batteri e s. A I-isopropoxide. The Al-isopropoxide LiCoO? powder was 
subseguently heat-treated for about 10 hours at 600 in a stream of dry air to 
produce a positive active material. 

(Example 16) 

L i CoOa powder (NC 10 produced by N i ppon Ch e mical of Japan) was 
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dipp e d in Mg mothoxido sol for approximately 10 minutoo, thon romovod from 
th e so l so l ution. A commercial LiCoQ? powder having average particle 
diameter of 10 was dipped in a Mg-methoxide suspension for about 10 
minutes and then separated from the suspension. This powder was then dried 
in an oven net to 120°C for approximatelv at 120 for about 5 hours, thereby 
producing LiCo0 2 powder coated with Mg-methoxide. The LiCoOa powder 
coated with Mg mothoxido subs e quently was heat treated for approximately 10 
hours at 600 6 C in a state wh o r e dry air was blown on the powder to produc e 
active material for a positive electrod e used in lith i um ion batteries. 
-Ma-methoxide LiCoQ? powder was subseouentlv heat-treated for about 10 
hours at 600 in a stream of dry air to produce a positive active material. 

The active material manufactured as in the above, conduct i v e 
matorial positive active material, a conductive agent (carbon, product name: 
Super P), a binder (polyvinylidene fluoride, product name: KF-1300) and a 
solvent (N-methyl pyrrolidone) were mixed to produce ae a positive active 
material composite slurry for a positive eloctrodo. slurrv. The slurry was then 
cast into a tape on an Al foil to shape to manufacture preoare a positive 
electrode. 

Using thisthe positive electrode; a negative electrode of MCF (meso 
eafbe nmade from MCF (meso-carbon fiber) material; an organic electrolyte 
including 1Mef LiPF 6 in a mixture of ethylene carbonate, dimethyl carbonate 
and diethyl carbonate atin. a 3:3:1 volume ratio; and the Ashai separator made 
of polypropylene, a 18650 a sheet of microporous polypropylene separator 
(Ashai Company), a 18650-size cylindrical battorv cell having a capacity of 
1650mAh was manufactured. Battery lif e f abricated. The cvcle-life 
characteristics of this batterv cell were then measured by setting a 1 C capacity 
to 1650mAh and in a rang o b o twoon 2.75 and at 1C rate in the voltage range of 
2.75 to 4.2V. 

(Example 17) 

LiCo0 2 powder (NC 5 produced by Nippon Chemica l of Jaoan) having 
average particle diameter of 5 was dipped in an Al-isopropoxide sol for 
approximate l y 10 m i nut e s, thon removed from the sol solution. suspension for 
about 10 minutes and then separated from the suspension. This powder was 
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then dried in an oven set to 120 Q C for approximatolv at 120 for about 5 hours, 
thereby producing LiCo0 2 powder coated with Al Al isopropoxid o . Tho LiCoO^ 
powdor coatod with isopropoxide. The Al-isopropoxide coated LiCoO? powder 
was subseauentlvwas heat-treated for approximatelv about 10 hours at 
5 80O e G600_ in a state where dry air was blown on the powder to produce active 
material for a positive electrode used in lithium-ion batt e ries . eel I. 

Using this active material, a positive electrode and a battery were 
manufacturod cell were fabricated using the same method o f as in Example 16. 

(Example 18) 

10 Ni(OH) 2 (Tanaka Co. of Japan) and Co(OH)g (Kojyundo Chemica l of 

Japan) w e re mixed to an equival e nt ratio of 0.8/0.2 and dispors o d in wat e r, 
aftor wh i ch tho mixtur e underwent an attritor milling process for approximat e ly 
60 minutes at 4 50 rpm to uniformly mix tho mixture. Noxt, aftor drying tho 
mixed powdor disporsod in water in a drying oven at 120°C for approximat el y 

15 2 4 hours, the r e sulting dry mixture was e ven l y ground, thereby producing 
Hio^Qeo^QH ^. L i OH (Junsei Co. of Japan) was addod to the Ni<^Geo^{QH)g4e 
provide 1 oquivalont weight of lithium, and othano l was added to acc o lorat o a 
reaction betwoon the LiOH and Ni&aGe&a^QHfe, aftor which tho mixtur e 
und e rwent mortar grinder mix i ng until almost all tho othanol was no longer 

20 pr e sent in th e mixtur e (i. e ., unti l a solv e nt free m i xture was obtain e d). 

Aftor tho abovo, the fully mixod mixture was plac o d in an aluminous 

crucible and hoot treated at 400 Q C in a stato whoro dry air was blown on tho 
mixtur e , then again h e at treated for 12 hours at 750°C. In both tho hoat treating 
procossos, tho temperature was raised at a rat e of 3 6 C/min., and after reach i ng 

25 tho target temperatures (400°C and 750 e C) and maintaining this state for a 
predetermined time, th o mixture was naturally cool e d to produce a 

Tho L i Nie ^Gee^Q s powdor produced as in tho abovo was then dipped in 

Mg methox i d e so l for approx i mat e ly 10 minut e s, th e n removed from the sol 
30 solut i on. Subsequ e ntly, th e powd e r was dried i n an ov e n s e t at 120°C for 
approximately 5 hours, thereby produc i ng LiNio^Go^Og powdor coatod with 
tho Mg mothoxidc. The powd e r was then hoat treated at a tomporaturo of 
&QO °C for approx i mat e ly 10 hours in a state wh e re dry air was blown on tho 
powder, thereby completing th e- production of th e active mat e rial for positiv e 
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e l e ctrodes us e d in lithium secondary batteries. 

Tho act i ve material manufactured as i n the above, conductive material 

(carbon, product nam e : Super P), a binder (polyvinylidono fluor i de, product 
name: KF 1300) and a so l vent (N methy l pyrrolidone) w e re mixed to produce 
an active material composite slurry for a positive el e ctrode. Th o slurry was then 
cast into a tape shape to manufacture a posit i v e el e ctrode. 

Using this pos i tive e lectrode; a negativ e oloctrodo of MCF (moso 

carbon fiber) material; an organic electrolyte i ncluding 1M of LiPF§ in a mixtur e 
of ethylene carbonate, dimethyl carbonate and diethyl carbonate at a 3:3:1 
volume rat i o; and tho Ashai s e parator made of polypropylen e , a 18650 
cylindrical battery having a capacity of 1650mAh was manufactured. Battery life 
characteristics of this battery w o r e then measured by sotting a 1C capac i ty to 
1650mAh and i n a range b e tween 2.75 and 4 .2V. and Co(OH)? were mixed in 
an equivalence ratio of 0.8:0.2 and dispersed in water. The mixture was mixed 
well by milling with an attritor for about 60 minutes at 450 rpm. The mixed 
powder was dried in a drying oven at 120 for about 24 hours and the resulting 
dried mixture was evenly ground, thereby producing NinsCon?(OH)?. LiOH was 
added to the NinaCon?(OH)? to make 1 eguivalent of lithium per formula weight 
of the hydroxide, and ethanol was added to facilitate the reaction between the 
LiOH and NinaConpfQH)?. The mixture was mixed in a mortar until liquid 
ethanol disappeared from the mixture. 

Thereafter, the mixed mixture was placed in an alumina crucible and 

heat-treated at 400 in a stream of dry air, then heat-treated again for 12 hours 
at 750 . In both the heat-treating processes, the temperature was raised at a 
rate of 3 /min. The mixture was allowed to stand at the first and the second 
heat-treating temperatures for predetermined period of time, and the mixture 
was slowly cooled to produce a LiNinsCon ?Q? powder. 

The LiNinsCon?0? powder was then dipped in a Mg-methoxide 

suspension for about 10 minutes, and then separated from the suspension. 
Subseguentlv. the powder was dried in an oven at 120 for about 5 hours, 
thereby producing LiNinaCon?Q? powder coated with the Mg-methoxide. The 
powder was then heat-treated at a temperature of 500 for approximately 10 
hours in a stream of dry air, thereby producing a positive active material. 
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The positive active material, a conductive agent (carbon, product name: 

Super P). a binder (polvvinvlidene fluoride, product name: KF-1300) and a 
solvent (N-methvl pyrrolidone) were mixed to produce a positive active material 
slurry. The slurry was then cast into a tape on an Al foil to prepare a positive 
electrode. 

Using this positive electrode, a negative electrode made from MCF 

Oneso-carbon fiber) material, an organic electrolyte including 1M LiPF fi in a 
mixture of ethylene carbonate, dimethyl carbonate and diethyl carbonate in a 
3:3:1 volume ratio, and a sheet of microporous polypropylene separator (Ashai 
Company), a 18650-size cylindrical cell having a capacity of 1650mAh was 
fabricated. The cvcle-life characteristics of this cell were then measured at 1C 
rate in the voltage range of 2.75 to 4.2V. 
(Example 19) 

A coin-type half-cell was fabricated bv the same procedure as in 

Example 8 except that LiNingComO? was coated with an Al-isopropoxide 

suspension. 

(Example 20) 

A coin-type half-cell was fabricated bv the same procedure as in 

Example 9 except that an Al-isopropoxide suspension was used instead of the 
Mg-methoxide suspension. 
(Example 21) 

A coin-type half-cell was fabricated by the same procedure as in 

Example 10 except that an Al-isopropoxide suspension was used instead of the 
Mg-methoxide suspension. 
(Example 22) 

A coin-type half-cell was fabricated bv the same procedure as in 

Example 14 except that an Al-isopropoxide suspension was used instead of the 
Mg-methoxide suspension. 
(Example 23) 

A coin-type half-cell was fabricated bv the same procedure as in 

Example 16 except that an Al-isopropoxide suspension was used instead of the 
Mg-methoxide suspension. 

(Comparative Example 1) 

Exc e pt for skipping tho stopo A coin-type half-cell was fabricated bv the 
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same procedure as in Example 1 except that the step of coating the semi- 
crystalline LiNio.8Coo.2O2 powder with the Mq-methoxide sol thon h o at treating 
the coated powder, tho samo method as that used i n Example 1 was used to 
manufactur e posit i v e e lectrod e activ e mat e rial and a coin c e l l typ e half 
5 eeJ lsuspension was omitted. 

(Comparative Example 2) 

Exc e pt for skipping the steps A coin-type half-cell was fabricated by the 
same procedure as in Example 2 except that the step of coating the semi- 
crystalline LiNio.8Coo.2O2 powder with the Mg-methoxide sol th e n heat treating 
10 the coated powder, the same method as that used in Examp l e 2 was usod to 
manufacture positive oloctrodo active mat e rial and a coin c e ll typ e half 
ee Hsuspension was omitted. 

(Comparative Example 3) 

Except for skipping the st e ps A coin-type half-cell was fabricated by the 

15 same procedure as in Example 5 except that the step of coating the semi- 
crystalline LiNio.sCoo.2O2 powder with the Mg-methoxide sol thon hoat treating 
the coated powder, the samo method as that usod i n Examp l e 2 was used to 
manufactur e posit i ve el e ctrod e activ e mat e ria l and a coin cell type ha l f 
eeti rsuspension was omitted. 

20 (Comparative Example 4) 

Ni(QH)a (Tanaka Co. of Japan), Co(OH) a (Kojyundo Chomical of 
Japan). Ni(QH)?. Co(OH)?. and Mg(OH) 2 were mixed to an equivalent ratio of 
0.8/0.15/0.05 and dispersed in wator, aft e r which the mixtur e underw e nt an 
attritor milling process for approximately 60 minutes at 450 rpm to uniformly mix 

25 the mixture. Next, after drying tho mixed powder disp e rsed in wat e r in a drying 
oven at 120 Q C for approximately 2 4 hours. in an equivalence ratio of 
0.8:0.15:0.05 and dispersed in water. The resulting mixture was mixed well by 
milling with an attritor for about 60 minutes at 450 rpm. The mixed powder was 
dried in a drying oven at 120 for about 24 hours and the resulting dry mixture 

30 was evenly ground, thereby producing Nio.8Coo.i 5 Mgo.o5(OH) 2 . LiOH (Junsoi Co. 
of Japan) was added to the Nio. 8 Coo.i5Mgo.o5(OH)2 to provid o make 1 equivalent 
of lithium per formula w eight of l i thium. t he hydroxide, and ethanol was added to 
accel e rat o f acilitate a reaction between the LiOH and N+e T sGe© 7 4^M§Q 7 e§(QH) 37 
after which the m i xture underwent mortar grinder mix i ng until almost all tho 
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ethanol was no longer present in the mixture (i.e., until the mixture was solv e nt 
fr e e). Next, the fully mixod NinsConifiMqnn.^OH)?. The mixture was mixed in a 
mortar until liquid ethanol disappeared from the mixture. The mixed m ixtu re 
was placed in an alum i nous alumina crucible and heat-treated at 4Q0 Q C in a 
5 state where dry air was blown on the mixtur e , then again h e at tr e ated for 12 
hours at 750 e C to produce active mater i al for a positive electrode used in 
l ithium i on batteries. 400 in a stream of dry air, then heat-treated again for 12 
hours at 750 to produce a positive active material. 

Using the positive e l e ctrod e active mat e rial manufactured as i n the 
10 above, a coin cell type half coll was manufacturod active material, a coin-type 
half-cell was fabricated according to the method used in Example 1. 
(Comparative Example 5) 

pj Except for sk i pping the st e ps of coat i ng the crystalline LiCoCb powder 

with Mg m o thoxide sol then hoat treating the coated powder, the same method 
{1 15 as that used in Exampl e 9 was used to manufacture posit i ve ol o ctrod e activ e 
pjt mat e rial and a coin coll typo half coll. 

A coin-type half-cell was fabricated by the same procedure as in 

p Example 9 except that the step of coating the semi-crvstalline LiCoO? powder 

JZ with the Mg-methoxide suspension was omitted. 

M 20 (Comparative Example 6) 

D 

fi] Exc e pt for skipping the stops A coin-type half-cell was fabricated by the 

same procedure as in Example 11 except that the step of coating the semi- 
crystalline LiNio.sCoo.2O2 powder with the Mq-methoxide sol then h e at treating 
the coated powder, the same method as that used i n Example 11 was us e d to 
25 manufactur e positive e l e ctrode activ e material and a coin c el l - type half 
ee Hsuspension was omitted. 

(Comparative Example 7) 

Except for sk i pping the stops of coating the crystalline LiNio^GeoaOg 
powder w i th Mg m e thoxide sol then h o at tr e ating the coated powd e r, th e same 
30 method as that usod in Exampl e 12 was used to manufacture positive o lo ctrod o 
active material and a coin cel l typo ha l f coll. A coin-type half-cell was fabricated 
by the same procedure as in Example 12 except that the step of coating the 
semi-crvstalline LiNinRCon1.qAlnn.gO7 powder with the Mg-methoxide suspension 
was omitted. 
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(Comparative Example 8) 

Except — for- — skipping — the — stops — ef- — coating — the — crystal l in e 
yNio^Ge&QQsSfQ.oegQ a powder with Mg m e thox i de sol th e n heat treating the 
coatod powdor, th e sam o method as that usod in Example 13 was usod to 
manufactur e positive e lectrode activ e mat e rial and a coin c e l l typ e half cell.A 
coin-type half-cell was fabricated by the same procedure as in Example 13 
except that the step of coating the semi-crvstalline LiNingConnQ8Sro.oo2Q2 
powder with the Mq-methoxide suspension was omitted. 

(Comparative Example 9) 

LiCo0 2 powder (NC 5 of Nippon Chomical) was usod as is for positiv e 
oloctrodo havinq average particle diameter of 5 was used as a positive active 
material in a l i thium i on batt o rv. f or a coin-type half-cell. 

(Comparative Example 10) 

Exc e pt for skipping the stop of processing tho LiCoOa powdor (NC 10 of 
Nippon Ch o mical) using Mg mothoxido sol such that the powdor is us o d as is 
for positive o l o ctrodo active material, tho samo m e thod as that us o d in Exampl e 
16 was used. A coin-type half-cell was fabricated bv the same procedure as in 
Example 16 except that the step of coating the semi-crvstalline LiCoQ? powder 
with the Mq-methoxide suspension was omitted. 

(Comparative Example 11) 

A battorv cell as disclosed in the Matsushita Technical Journal Vol. 44, 
August 1998, pp. 407-412 was used for Comparative Example 40/11. 
(Comparative Example 12) 

Except for skipping th e steps A 18650-size cylindrical cell was fabricated 
bv the same procedure as in Example 18 except that the step of coating the 
semi-crvstalline LiNinsConpQ? powder with Mg methoxido sol and h o at tr e ating 
the powdor, tho samo method as that usod in Example 17 was usod to 
manufacture posit i ve e l e ctrode activo material and a 18650 typ o battorv.t he 
Mq-methoxide suspension was omitted. 
(Comparative Example 13) 

A coin-type half-cell was fabricated bv the same procedure as in 

Example 19 except the step of coating the semi-crvstalline LiNiogComO? 
powder with the Al-isopropoxide suspension was omitted. 
(Comparative Example 14) 



32 



LiCoO? was mixed a commercial AbOs. Using the resulting mixture, a 

coin-type half-cell was fabricated by the same procedure as in Comparative 
example 1. 

(Comparative Example 15) 

LiCoO? powder was intimately mixed by grinding with about 1% by 

weight of AbO^ and the mixture was then briefly heated at about 800 for 1 
hour to positive active material. Using the resulting positive active material, a 
coin-type coin-cell was fabricated bv the same procedure as in Comparative 
example 1 . 

FIGs. 1a and 1b show SEM pictur e s. on l argod IA and 1B show SEM 
pictures, respectively 200-times and 20.000 tim o s, of the 20,00Q-times 
expanded view of the positive active material manufactur e d according to 
Example 1 of tho pr e sent invention ; and FIGs. 2a2A and 2-e2B show SEM 
pictures, en l arged respectively 300-times and 20,000 tim o s. of the 20.000-times 
expanded view of the positive active material manufactur e d according to 
Comparative Example 1 of the prosont invention. As can bo soon in FIGs. 1a 
and 2a. tho l. As shown in FIGs. 1A and 2A. the positive active 
material manufactur e d according to Example 1 is comprised of clumps that are 
less than 400^0 -1 0 0 in size, whereas the positive active 
material manufactur e d according to Comparative Example 1 is comprised of 
clumps that are greater than 400^^0 -100 in size. Further, as shown in FIG. 
4br1B. the positive active material manufacturod according to Example 1 is 
comprised of ultra-fine particles of 0.1 0.2um~ in size that O.1 to 0.2 in size 
which aggregate mass together to form small particles of 0.5 1# m _0.5 to 1 in 
size. On the other hand, as shown in FIG. 2br2B. the positive active 
material manufactur e d according to Comparative Example 1 is comprised of 
particles that are A-uQJ- and l arg e r in siz e that mass g reater than 1 in size 
which aggregate together into clumps. 

FIG. 3 shows a graph of XRD patterns of the positive active material 
according to Example 2 and Comparative Example 2 of th e pr e s e nt invention. ^ 
As shown in the drawing, an XRD pattern (a in th e drawing) FIG. 3) of the semi- 
crystalline LiNinaCoopO? powder produced bv mixing LiOH and Nin sCon^fOH)? 
in the acetone solvent of tho L i Ni o^GeaaQ a powdor produced bv mixing LiOH 
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aBd-Mio^Geo^^OH ^ in tho acoton o solv e nt thon heat treated at a t o mporaturo of 
500 & £followed by heat-treating at a temperature of 500 for the first heat- 
treatment step only is broad and has peaks that are not significantly high, 
indicative of a semi-crystalline state. Further. if tho active material coated with 
Mg m e thoxido undergo e s th o second h e at treating proc e ss as in Example 2, 
p e aks of an XRD pattern of this an XRD pattern (b in FIG. 3) of the 
LiNinaConpQ? powder produced bv mixing LiOH and NinsCon7fOH)? in the 
acetone solvent then heat-treating at a temperature of 500 for the first heat- 
treatment step and heat-treating at a temperature of 750 for the second heat- 
treatment step has sharp peaks, which indicates a complete crvstallinea ctive 
material (b in tho drawing) arc distinct and sharp, indicative of a fully 
crystallized state. This XRD pattern is substantially identical to an XRD pattern 
(c in tho drawina) FIG. 3) of the crystalline positive active material of 
Comparative Example 2 in which Mg is not add e d. Accordingly, sinc e 
th ecoated. Since the XRD pattern of the positive active material of Example 2 
is able to maintain tho structure d in FIG. 3) is identical to that of the active 
material in which Mg is not added, this indicates coated (c in FIG. 3), the results 
indicate that the Mg-oxide does not oerm e at e oenetrate into the crystalline 
structure of the positive active material, bu t, rath e r, on l y coats athe surface of 
the crystalline structure. In FIG. 2^ " * " indicates Si standard reference 
peaks. 

FIG. 4 shows a graph of charge and discharge cvcle-life characteristics 
of coin-type batteries manufacturcd cells prepared according to Example 1 (a in 
th o drawing). FIG. 4). Example 3 (b in tho drawing) FIG. 4) and Comparative 
Example 1 (c in tho draw i ng). A capacity and a batt e ry life of each of tho 
batteries woro measur e d bv FIG. 4). A capacity and a cycle life of each of the 
cells were measured bv charging-discharging the cells in the voltage 
charg i ng/discharging the batter i es, betw ee n 2.8V and 1 .3V, to 0.1 C for 1 cyc l e, 
0.2C for 3 cycles. 0.5C for 10 cycles, and 1C for 85 cvcles. range of 2.8V to 
4.3V. at 0.1 C (1 cycle). 0.2C (3 cycles). 0.5C (10 cycles), and 1C (85 cycles) 
rates. As shown in FIG. 4, when charge and discharge at a high rate of 1C 
charge and 1C discharge , the capacity of the battery using the active material 
e fcell according to Example 1 reduced from 72.8mAh/g to 66.8mAh/g 72.8 
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mAh/q to 66.8 mAh/q (approximately 8%) after 85 evetes fcvcles. and the 
capacity of the battery using tho activo matorial o f cell according to Example 3 
reduced from 122_mAh/g to 77.5mAh/g (approximately 36%) after 85 cycl e s; 
aft dcvcles. On the other hand, the capacity of the battery using tho activ e 
matorial o f cell according to Comparative Example 1 reduced from 111.9mAh/g 
to 42.6mAh/g 111.9 mAh/q to 42.6 mAh/q (approximately 60%) after 85 cycles. 
Accordingly, it can bo known that, compared to tho battery using tho prior 
activo mat o rial, th e battery utilizing tho activ o mat o ria l of th o present invention 
i s stable, has a limited amount capacity r e duction and displays exceptional 
battery l if e ln summary, characteristics at a high rate of charge and discharge. 
the results indicate that the positive active materials of Examples 1 and 3 are 
more stable in high-rate cycling, therefore improved cvcle-life over that of 
Comparative Example 1 . 

FIGs. 5a and 5b 5A and 5B show SEM pictures of the positive active 
material powder according to Example 5 and Comparative Example 3, 
respectively. As shown in tho drawing. FIGs. 5A and 5B, the surface of the 
active material of Example 5 is formed difforontlv apparentlv different from the 
surface of the active material of Comparative Example 3 as a result of the 
cnnting of tho metal oxid e over th e active material of Example 5. metal oxide 
coating on the surface of the active material. 

XRD patterns of the activo matorial powde r oositive active materials of 
Example 5, Comparative Example 3 and Comparative Example 4 are shown 
respectively by lines Ar- B(A). (B) and G(C) of FIG. 6. In FIG. 6, " * " indicates 
Si standard reference peaks. In FIG. 6, with regard to lattice parameters, a-is 
2.876 and c is 1 4 .151 in the case a-axis is 2.876 and c-axis is of A. a is 2.883 
and c is 1 4 .150 in the caso of B, and a i s 2.872 and c is 14.204 in tho caso of 
C. As shown in th e drawing, a significantly different XRD patt e rn r e sults for tho 
active material of Example 5 compared to the XRD pattern of the active 
matoria l of Comparative Example 4 in which Mg is dop o d w i thin tho structure of 
th o activo matorial, while th e XRD pattern of th o activo matorial of Example 5 is 
substantially identical to that of tho activo matorial of Comparative Example 3 in 
which Mg is not doped within th e structure of th e active mat e r i al. This indicates 
that tho act i vo matorial of Example 5 mainta i ns tho structure of tho prior activo 
material i n which Mg is not dopod w i thin tho activo matorial structure while 
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changing — only tho surface formation to — improve electro chomical 
characteristics. 

FIG. 7 shows a graph of electro chem i ca l characteristics of tho battery 

manufactured according to Example 5 and Comparative Examp l e 3 whil e 
charge and discharg e spe e ds wer e changed in a range of 2.8V to 4.3V. In tho 
drawing, line (a) corresponds to Example 5 and lin o (b) corresponds to 
Comparative Exampl e 3. As shown in the drawing, although a capacity of the 
batt e ry of Exampl e 5 reduc e d from 140mAh/g to 90mAh/g, that of Comparativ e 
Exampl e 3 reduced from 140mAh/g to 60mAh/g. This shows that, at a high 
charge/discharg e rate, th o battery us i ng th e active material of Example 5 
displays a minimal amount of reduction in battery capacity when compared to 
Comparat i ve Example 3. 

R e ferr i ng now to FIG. 8, shown aro DSC analysis results of pol e plates 

removed from tho batt e ries manufactured according to Example 9 (b in tho 
draw i ng) and Comparativ e Exampl e 5 (a in the drawing), the batt e r ie s having 
boon charg e d to 4.1V one time before dismant l ing of th e batteries. Tho DSC 
analysis was conduct e d to determine thermal stability of tho charged pos i tive 
electrod e active material. LiCoCb, for examp l e, com o s to hav e a structure of U4 - 
xGeQg (0.5<x<1) in a charged state. Since active mat e r i al having this structure 
is unstab l e, if tho temp e rature in tho battery rises, oxyg e n comb i ned with metal 
(i.e., cobalt) becomes separated from tho metal. The freed oxygon reacts with 
tho electro l yte in th e battery such that it i s poss i bl e for the battery to e xplode. 
Accordingly, an oxygen s e paration t e mperature and an amount of h e at 
generat i on are important factors with regard to tho stability of batt e ri e s. 14.151 
in the case of (a), a-axis is 2.883 and c-axis is 14.150 in the case of (b). and a- 
axis is 2.872 and c-axis is 14.204 in the case of (c). As shown in FIG. 6, 
significantly different XRD patterns are shown for the positive active material of 
Example 5 (A) compared to the XRD patterns of the positive active material of 
Comparative Example 4 (C) in which Ma is doped within the structure of the 
active material instead of being coated, whereas the XRD pattern of the active 
material of Example 5 is substantially identical to that of the active material of 
Comparative Example 3 (B) in which Mq is neither doped nor coated on the 
active material. The results indicate that the active material of Example 5 
maintains the structure of the original active material which is not coated with 
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Mq indicating that the Mq stay at the surface without penetrating into the bulk of 
the material. The results also indicate that the electro-chemical characteristics, 
are improved by the surface coating. 

FIG. 7 shows a graph of cvcle-life characteristics of the cells according 

to Example 5 and Comparative Example 3 in the voltage range of 2.8V to 4.3V. 
In FIG. 7. the curve (a) corresponds to Example 5 and the curve (b) 
corresponds to Comparative Example 3. As shown in FIG. 7. the capacity of 
the cell for 1C-rate cycling of Example 5 reduced from 140 mAh/q to 90 mAh/q, 
while that of Comparative Example 3 reduced from 140 mAh/q to 60 mAh/g, 
showing that the cell capacity of Example 5 has reduced significantly more than 
that of Comparative Example 3 in the 1C-rate cycling. 

FIG. 8 shows DSC analysis results of the cells according to Example 9 

(b in FIG. 8) and Comparative Example 5 (a in FIG. 8). These results were 
obtained using electrodes from the cells charged at 4.1V. The DSC analysis 
result illustrates the thermal stability of individual sample cells. After charging 
the cell, the positive active material is converted from LiCoQ? to Lii- y CoO? (0.5 
< x < 11 The charged active material. Li-i.vCoO?. becomes unstable as 
temperature is increased releasing oxygen gas due to weakened Co-O bonds, 
showing an exothermic peak in the DSC curve. The released oxygen may 
react with the electrolyte in the cell causing the cell to explode in the worst 
case. Both the peak temperature and the peak size which represent the 
amount of heat released are a measure of the instability of the charge material 
of the cell. 

As shown in FIG. 8, an oxyg o n separation tomporaturo of Comparativ e 
Exampl e 5 is roughly 213°C, whilo it is approximately 218 Q C for Example 9. 
Therefore, th e oxyg e n s e paration temperatur e for Example 9 is about 5° G 
higher than that for Comparative Example 5, and a hoat genorationt he 
exothermic peak temperature for Comparative Example 5 is about 213 , while 
that for Example 9 is about 5 higher (approximately 218 ) than that for 
Comparative Example 5. The amount of heat released (peak size) for Example 
9 is about half that of Comparative rato for Example 9 is about half that of 
Comparative Example 5. Accordingly, with tho processing of the surface of 
LiCoOa powder with meta l alkoxide and th e h e at treating of tho powdor, the 
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motal ox i do i s formed on tho surfac e of tho LiCoOa such that a crystalline 
structure of the LiCoOg is stabilized. That is, since the crystalline structure on 
the surface of tho LiCoC^ is stabilized, i t can bo assumed that the combinat i on 
of tho cobalt and oxygon is also stabilized. Further, with th e formation of a 
composite motal oxido layer of cobalt and magnesium on tho surface of the 
LiCoOa, any reaction betwe e n th o positive e l ectrode activ e materia l and the 
e l e ctrolyt e is suppress e d, thereby reducing the oxidation of the e l ectrolyte. 

FIG. 9 shows a graph of battery charact e ristics dur i ng charging and 

discharging at a level of voltage between 2.75V and 4.1V of tho battery 
according to Example 9 and Comparative Exampl e 5. In tho drawing, (a) 
corr e sponds to the battery of Example 9, while (b) corresponds to the batt e ry of 
Comparative Example 5. In tho case of Comparative Exampl e 5, during 100 
cycles charged and discharged to 1C, the capacity of tho battery is reduced 
from 108mAh/g to 38mAh/g (a reduction of 65%), whereas tho capacity of tho 
battery of Example 9 is reduced from 114mAh/g to 70mAh/g (a reduction of 
39%). Accordingly, relative to Comparat i ve Exampl e 5, tho reduction in 
capacity is considerably small e r at a high rate of charg e /discharge and a cycl e 
l if e is significantly gr e at e r for Exampl e 9. 

FIG. 10 shows a graph of batt e ry charact e ristics during charging and 

discharg i ng at a l e vel of voltage betw e en 2.75V and 4.2V of the battery 
according to Examp l e 9 and Comparative Example 5. In tho drawing, (a) 
corresponds to tho battery of Example 9 and (b) corresponds to tho battery of 
Modified Example 5. In th e case of Comparative Example 5, during 100 cycles 
charged and discharged to 1C, the capacity of tho battory is reduced from 
120mAh/g to 15mAh/g (a reduction of 88%), wh e reas the capacity of th e 
battery of Exampl e 9 is r e duced from 129h/g to 96mAh/g (a reduction of 26%). 
Accordingly, rolativo to Comparative Example 5, tho reduction in capacity is 
considerab l y smaller at a high rat o of chargo/dischargo and a cyclo l ife is 
s i gnificant l y gr e ater for Exampl e 9. 

FIG. 11 shows a graph of battery characteristics dur i ng charging and 

discharging at a lev el of voltage b e tw e en 2.75V and 4 .3V of th e batt e ry 
according to Example 9 and Comparative Example 5. In tho drawing, (a) 
corr e sponds to the battery of Exampl e 9 and (b) corresponds to th e battery of 
Modified Example 5. According l y, relative to Comparative Example 5, the 
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reduction in capacity is considerably smaller at a high rato of charge/discharge 
and a cycle life is significantly greater for Examp l e 9. 

R e ferr i ng to FIG. 12, (a) i l lustrates XRD analys i s resu l ts of tho LiCoOa 

positive electrode active material manufactur e d according to Comparative 
5 Example 5, (b) il l ustrates XRD analys i s r e sults of a pole p l ate of the battery of 
Example 10 after tho battery has b ee n charged to 4 .2V for 1 cycle. Example 5. 
It is apparent that the Mq coating on the LiCoO? powder improve the stability of 
the charged active material. Lh.yCoO?. This improved stability might be due to 
the fact that the cobalt-magnesium coating layer may limit the access of the 
10 charged positive active material to the electrolyte, thereby reducing the 
oxidation of the electrolyte. 

FIG. 9 shows a graph illustrating cvcle-life characteristics during 

charging and discharging the cells of Example 9 and Comparative Example 5 in 
the voltage range of 2.75V to 4.1V. In FIG. 9. (a) corresponds to the cell of 

15 Example 9. while (b) corresponds to the cell of Comparative Example 5. In the 
case of Comparative Example 5. during 100 charge-discharge cycles at 1C 
rate, the capacity of the cell is reduced from 108 mAh/q to 38 mAh/g (a 
reduction of 65%). whereas the capacity of the cell of Example 9 is reduced 
from 114mAh/q to 70mAh/q (a reduction of 39%) under similar cycling 

20 conditions. Relative to Comparative Example 5. the capacity fading of Example 
9 is considerably smaller at a high rate (1C rate), therefore showing improved 
cycle life. 

FIG. 10 shows a graph illustrating cvcle-life characteristics during 

charging and discharging in the voltage range of 2.75V to 4.2V of the cell 

25 according to Example 9 and Comparative Example 5. In FIG. 10. the curve (a) 
corresponds to the cell of Example 9 and the curve (b) corresponds to the cell 
of Comparative Example 5. In the case of Comparative Example 5. after 100 
charge-discharge cycles at 1C rate, the capacity of the cell reduced from 120 
mAh/g to 15 mAh/g (a reduction of 88%). whereas the capacity of the cell of 

30 Example 9 is reduced from 129 mAh/q to a low of 96 mAh/q (a reduction of only 
26%). Accordingly, relative to Comparative Example 5. the capacity fading is 
considerably smaller at a high rate and cycle life is significantly greater for 
Example 9. 

FIG. 11 shows a graph of cvcle-life characteristics during charging and 



discharging in the voltage range of 2.75V to 4.3V of the cells according to 
Example 9 and Comparative Example 5. In FIG. 11. the curve (a) corresponds 
to the cell of Example 9 and the curve (b) corresponds to the cell of 
Comparative Example 5. Accordingly, relative to Comparative Example 5. the 
capacity fading is considerably smaller at a high rate and cycle life is 
significantly greater for Example 9. 

FIG. 12 illustrates XRD analysis results of the positive active materials 

according to Example 10 and Comparative Example 5. The curve (a) indicates 
XRD analysis results of the LiCoO? positive active material according to 
Comparative Example 5. The curve (b) indicates XRD analysis results of the 
positive active material according to Example 10 after the cell was charged at 
4.2V. and the curve (c) indicates XRD analysis results of the positive active 
material according to Comparative Example 5 after the cell was charged at 
4.2V. As shown in (a) and (c) of FIG. 12. it indicates and (c) illustrates XRD 
analysis results of a polo plato of the battery of Comparative Exampl e 5 after 
th o battery has boon charged ono tim e to 4 .2V. As shown in (a) and (c) of the 



changes from a hexagonal structure to a monoclinic structure (reference, J. 
Electro. Chem. Soc. Vol. 143, No. 3, 1006, p. 1115 1 1114-1122). On the other 
hand, the LiCo0 2 powder of Example 10 maintains its hexagonal structure 
even after charging, indicative of a stable surface obtained as a result of the 
coating of the magnesium oxide. 

Referring to FIG. 13, (b) in tho drawing the curve (b) illustrates DSC 
analysis results o fa polo plato of the batt o rv cell of Example 10 after the battory 
hnr. hn n n r.hnrg o .d nnn timn to 4.2V. and (a) in tho drawino cell was charged at 
4.2V. and the curve (a) illustrates DSC analysis results o fa polo plate of the 
battorv cell of Comparative Example 5 after the battory has boon charged on e 
tiffle-4e cell was charged at 4.2V. As shown in tho drawing. a FIG. 13, an 
exothermic peak temperature of a hoat g e neration reaction caused by tho 
separation of oxygon is 211 Q Gfor the oxygen release is 211 for Comparative 
Example 5, while it is 22?° G227 for Example 10. Accordingly, Example 10 
has a roughly 16° Cabout a 16 higher oxygen sooaration release temperature 
than Comparative Example 5. 




-that as a result of charging, the structure of LiCo0 2 
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In FIG. 14, the curve (b) illustrates DSC analysis results o fa polo plate 
ef the battorv cell of Example 1 0 after the battery has boon charg o d ono timo to 
4 .1V. and (a^ in tho drawina cell was charged at 4.1V. and the curve (a) 
illustrates DSC analysis results o fa po l o plato of the batt e rv cell of Comparative 
Example 5 after the battory has boon charged ono timo to cell was charged at 
4.1V. As shown in tho drawing. a FIG. 14. an exothermic peak temperature ef-a 
heat g o noration reaction caused by tho s e paration of oxygon is 213 G G for the 
oxygen release is 213 for Comparative Example 5, while it is 22? & G227_ for 
Example 10. Accordingly, Example 10 has a roughly 15 6 Gabout a 15 higher 
oxygen soparation decomposition temperature than Comparative Example 5, 
and the hoat gonoration amount amount exothermic heat for Example 10 is 
about half that of Comparative Example 5. 

Referring to FIG. 15. (b) illustrates DSC analysis results of the cell of 

Example 11 after the cell was charged at 4.1V. and (a) illustrates DSC analysis 
results of the cell of Comparative Example 6 after the cell was charged at 4.1V. 
As shown in FIG. 15. the cell according to Comparative Example 6 emits heat 
of about 20mW at 223 . while the cell according to Example 11 emits heat of 
about 6mW at 232 . Accordingly, Example 11 has about a 9 higher oxygen 
decomposition peak temperature than Comparative Example 6. and the 
amount of exothermic heat for Example 11 is about one-third that of 
Comparative Example 6. 

Referring to FIG. 4&v16. (b) illustrates DSC analysis results of a pole 
p l ato of tho battery of Example 11 after tho battery has boon chargod ono time 
to 4 .1V. and (a) i n tho drawing t he cell of Example 12 after the cell was charged 
at 4.3V. and (a) illustrates DSC analysis results o fa pole plate of the feattefvcell 
of Comparative Exampl c6 after tho battory has b o on chargod ono timo to 4 .1V. 
As shown i n the drawing, a therma l gon o ration amount of approximately 20 mW 
occurs at 223 6 €4e f7 after the cell was charged at 4.3V. As shown in FIG. 16, 
the cell of Comparative Example 7 _6, and approx i mately 6mW occurs at 232 6 G 
for Example 11 . o mits exothermic heat of about 15mW at 213 . and the cell of 
Example 12 emits heat of about 10mW at 225 . Accordingly, Example 11 has 
a roughly 9 e G12 has about a 12 higher oxygen s e paration decomposition peak 
temperature than Comparative Example 6, and tho hoat generation amount for 
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Example 11 is about on o third that of Comparativ e Example 6. 7^ 

Referring to FIG. 4€r17, (b) illustrates DSC analysis results of a pol e 
plato of th o battery of Example 12 after tho battery has boon charged ono time 
te the cell of Example 13 after the cell was charged at 4.3V, and (a) in th e 
drawing illustrates DSC analysis results o fa polo plate of the batt e ry cell of 
Comparative Example 7 aft e r th o battorv has boon 8 after the cell was charged 
at 4.3V. As shown in FIG. 17. the cell according to Comparative charged on e 
tim e to 4 .3V. As shown i n tho drawing, a thermal g o noration amount of 
approximat e ly 15mW occurs at 213 Q C for Comparative Example 7, and 
approximately 10mW occurs at 225 6 C for Example 12. Accordingly, Example 

12 has a roughly 12 9 C higher oxygon s e paration t e mp e rature than 
Comparat i ve Example 6. 

Referring to FIG. 17, a thermal generation amount of approximately 

10mW occurs at 217°C for Comparative Examp l e 8, and approximat e ly 2mW 
occurs at 227 6 C for Examp l e 13. Example 8 emits exothermic heat of about 
10mW at 217 , and the cell according to Example 13 emits heat of about 2mW 
at 227 . Accordingly, Example 13 has a roughly 10° Gabout a 10 higher 
oxygen scparat i on decomposition peak temperature than Comparative Example 
8, and the heat gen e ration amount fo r amount of exothermic heat of Example 

13 is about one-third that of Comparative Example 8. 

FIG. 18 shows a TEM femne lftransmission electron microscope) picture 
of active material according to Examolel 4 . Example 14. The LiCo0 2 active 
material not coated with m o tal alkoxido so l Mo-methoxide suspension is a 
crystalline material having approximately a &^Lm5_ diameter such that the 
surface of the material is smooth. However, in the active material of Example 
14, which is coated with Mo alkoxido sol Mg-methoxide suspension then heat- 
treated, minute particles of approximately 5-1 5nm surround a periphery of 
UC0O2, the particles having bo o n oxcitod byg f a composite of cobalt and 
magnesium, a metal oxide such as magnesium oxide, etc. 

FIG. 19 shows a TEM picture of the active material of Example 15. In 
Example 15, the active material is coated with A l isopropoxido and heat 
troatod. As in tho drawing, in this active material, a double layor structure 
excit e d bv a composito motal ox i de of cobalt and aluminum or a metalA I- 
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isopropoxide and is heat-treated. As shown in FIG. 19. a double layer structure 
made of a composite metal oxide of cobalt and aluminum or a metal oxide such 
as oxide such as aluminum oxido is formed on the surface of the particles of 
yGoQ a. Accordingly, tho act i ve materia l of tho prosont invention coatod with 

5 m e tal alkoxido sol on i ts surface thon heat troatod clearly has a differ e nt form 
compared to tho material that is not proc e ssed in this manner. 

FIG. 20 shows a graph of a cyclo lifo of tho batteries manufactured 

according to Example 16 and Comparativ o Exampl e 10. Tho batt o rios of 
Examp l e 16 and Comparativ e Example 10 underwent formation at a rate of 

10 0.2C, thon wore charg e d/discharged to 1C. In FIG. 20, (a) corresponds to 
Example 16 and (b) corresponds to Comparat i vo Example 10. In compar i ng 
battery life character i stics of the battorios over 250 cycles, tho capacity of 
Comparativo Example 10 reduced by approximat e ly 30% compared to its initial 
capacity, while the capacity of Example 16 reduced by approximat el y 20% 

15 compared to its initial capacity. I t is th e roforo known that th o cycl e life of 
Example 16 is superior to that of Comparativo Example 10. 

FIG. 21 shows a graph of charge and discharge characteristics of th e 

battery manufactured according to Example 17. Aft e r charg i ng the battory at a 
rate of 0.5C, a discharge rate of tho battery was changed from 0.2C to 0.5C, 

20 1C and 2C to measure battory characteristics. F I G. 22 shows a graph of charg e 
and discharge characteristics of the battery manufactured according to 
Comparative Example 11. In comparing tho charge/discharge character i stics of 
Example 17 and Comparativo Example 11, tho charactoristics aro similar up to 
1C, but when reaching 2C, the amount of reduction in capacity for Example 17 

25 is significantly smaller than Comparativ e Exampl e 11. 

F I G. 23 shows graph of cyclo lifo charactoristics of th o batteries 

manufactured according to Exampl e 18 (a in tho drawing) and Comparative 
Example 12 (b in the drawing). As shown in F I G. 23, cyclo lifo charact o r i stics 
for Example 18 aro bettor than that of Comparativo Example 12 up to roughly 

30 100 cycles, after which tho characteristics aro substantially similar. 

Although tho present invention has boon described in detail 

h e r e inabove, it should b e cl e arly und e rstood that many variations and/or 
mod i fications of the basic inv e ntiv e conc e pts h e r e in taught which may app e ar 
to those skilled in the present art will sti l l fal l with i n th o spirit and scope of tho 
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aluminum oxide is formed on the surface of the particles of LiCoO?. 
Accordingly, the active material of the present invention coated with metal 
alkoxide suspension on its surface then heat-treated clearly has a different form 
compared to the material that is not processed in this manner. 

FIG. 20 shows a graph of cycle-life characteristics of the cells according 

to Example 16 and Comparative ExamplelO. The cells of Example 16 and 
Comparative Example 10 had formation cycles at 0.2C rate, and then were 
charaed-discharoed at 1C rate. In FIG. 20. (a) corresponds to Example 16 and 
(b) corresponds to Comparative Example 10. In comparing cycle-life 
characteristics of the cells over 250 cycles, the capacity of Comparative 
Example 10 reduced bv about 30% compared to its initial capacity, while the 
capacity of Example 16 reduced bv only about 20% compared to its initial 
capacity. It indicates that the cycle life of Example 16 is superior to that of 
Comparative Example 10. 

FIG. 21 shows a graph of discharge curves of the cell according to 

Example 17. After charging the cell at 0.5C rate, the discharge rate was varied 
from 0.2C to 0.5C. 1C. and 2C to measure cell performance at various rates. 
The cell showed almost full capacity even at 2C rate indicating that it has an 
excellent rate capability. 

FIG. 22 shows a graph of discharge curves of the cell according to 

Comparative Example 11. In comparing the discharge characteristics of 
Example 17 of FIG. 21 and Comparative Example 11 of FIG. 22. the 
characteristics are similar up to 1C rate, but at 2C rate, the amount of reduction 
in capacity for Example 17 is significantly smaller than Comparative Example 
1L 

FIG. 23 shows a graph of cvcle-life characteristics of the cells according 

to Example 18 (open circles in the drawing) and Comparative Example 12 
(filled circles in the drawing). As shown in FIG. 23. cvcle-life characteristics for 
Example 18 are better than those of Comparative Example 12 up to about 100 
cycles, after which the characteristics are substantially similar. 

The charge and discharge characteristics of the positive active 

materials according to Example 19 and Comparative example 13 are presented 
respectively bv lines (B) and (A) of FIG. 24. It was evident from FIG. 24. the 
AbQs coatings cause to deteriorate capacity and voltage in the Ni-based active 
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material. The result is believed that Al reacts with the Ni-based active material 
at the surface of the particle and its structure is modified, thereby deteriorating 
capacity and voltage. These results indicate that a Ni-based positive active 
material obtained from Japanese Patent Laid-Qpen Hei. 9-55210 exhibits low 
capacity and voltage than a Co-based positive active material of the present 
invention. 

To compare the structure of the synthesized AbCh of the present 

invention and the commercial AbOs of Comparative example 15. the XRD was 
measured. The active AbOa was prepared bv suspending Al-isopropoxide 
powder in ethanol for 10 hours, drying the resulting suspension at 100 for 24 
hours to obtain a white powder and heat-treating the white powder at 600 for 
10 hours. The resulting AbCh has amorphous and active properties which are 
different from the commercial AbQ* having crystalline and inactive properties. 
Such a difference is evidently shown in FIG. 25. The line (A) which indicates 
the XRD result of the inactive AbCh in FIG. 25 teaches that it is crystalline and 
the line (B) which indicates the XRD result of the active AbCh in FIG. 25 
teaches that it is amorphous. 

Each of the active AbChand inactive AbCh was added, respectively, to 

the mixture of the LiCoO? positive active material, a polvvinvlidene fluoride 
binder, and a carbon conductive agent to prepare positive active material 
slurries. Using the prepared positive active material slurries, coin-type half- 
cells were fabricated. The charge and discharge characteristics of the coin- 
type half-cells were measured and the results are shown in FIG. 26. For 
reference, the charge and discharge characteristic of the coin-type half-cells 
containing only LiCoO? (A) was shown in FIG. 26. As shown in FIG. 26, the 
coin-type half-cell containing the active AbOs and LiCoQ? (B) (gives higher 
capacity (about 159 mAh/g) than that containing the inactive AbO^(C) and 
LiCoQ?. These results indicate that the commercial inactive AbC^ does not 
improve the ceil performance. It is assumed that the positive active material 
with the commercial AbO-i according to Comparative example 15 (prepared bv 
the procedure in U.S. Patent No. 5.705,291) does not improve cell 
performance. 

The SEM pictures of the positive active materials according to Example 

21 and Comparative example 15 are shown in FIGs. 27 and 28. respectively. 
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As shown in FIG. 28. Al is partially doped into LiCoO? in Comparative example 
15. In contrast. Al is coated on the LiCoO? in Example 15. This difference is 
believed that the Al-isopropoxide solution is used in Example 15 and AbCh 
powder is used in Comparative example 15. 

In order to identify the structure of the positive active materials precisely 

according to Example 21 and Comparative example 15, an EDX analysis was 
carried out. The results are presented in FIGs. 29 and 30. respectively. It is 
shown from FIGs. 29 and 30 that the structure of the positive active material 
according to Example 21 is different from that according to Comparative 
example 15. 

Although the present invention has been described in detail 

hereinabove, it should be clearly understood that many variations and/or 
modifications of the basic inventive concepts taught herein, which may appear 
to those skilled in the present art, will still fall within the spirit and scope of the 
present invention, as defined in the appended claims. 

present — invention, — as — def i n e d — m — tfre — appended — claims. 
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WHAT I? CLAIMED IS; 

1. Act i ve material for a positive e l ectrode used in lithium secondary 
batt e ries of Formula 1 below, a surface of the active material being coated with 
meta l oxide, 

[Formula 1] 

UA^-x-yBxGyGaL A positive active material for a rechargeable 

lithium battery comprising: 

a core comprising at least one compound represented bv Formula 1 ; 

and 

an active metal oxide shell formed on the core, the metal oxide being 

capable of stabilizing a structure of the active material: 
Formula 1 

LiAl-x-yB yCyO?, 

where 0 < x < 0.3, 0 < y < 0.01. and O.01; 

A is an element selected from the group consisting ofN^ Co and 

Mn; 

B is an element selected from the group consisting of Ni, Co, Mn, B, 
Mg, Ca, Sr, Ba, Ti, V, Cr, Fe, Cu and Al; and 

C is an element selected from the group consisting of Ni, Co, Mn, B, 
Mg, Ca, Sr, Ba, Ti, V, Cr, Fe, Cu and AW 
-AL 

2. Tho Z The positive active material of claim 1 wherein a metal in 

the active metal oxide shell is an element selected from the group consisting of 
Mg, Al, Co, K, Na and Ca. 

3. The positive active material of claim 2 wherein the metal in the 

active metal oxide shell is Al. 

4. The positive active material of claim 1 wherein the active metal 

oxide has an amorphous phase. 

3. Thoj L The positive active material of claim 1 wherein the 

positive electrod e active material is formed bygf minute particles in an 
agglomerated state such that a particle size of the active material is between 
0.1 and IQQ-um- rlOO . 

4 . Tho 6, The positive active material of claim 1 wherein the 
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positive oloctrod o active material is yNi^Ge^Qs, where 0 < x < 0.3. 
-LiCoO?. 

5. Th e7. The positive active material of claim 1 wherein the 

active mat o rial compr i ses at loast ono of tho A, B and C motals, and a Mg 
composite metal oxide, and a surfac e of tho active mator i al oxide shell is 
processed with minute particles of 5-1 5nm in size. 

6. Tho active material of claim 1 whoroin tho active material comprises 
at lo ast ono of tho A, B and C motals, and a double layer structur e of a Al 
composite motal oxide processed on a surface of tho active material. 

7. A method of manufacturing an activ e mat e rial for a positive e l ectrode 

used in lithium s e condary batt e ries of Formula 1 below, tho method comprising 
th o steps of: 

producing a crystal l ine powdor or a somi crystallin e powder of Formula 

4i 

coat i ng tho crystal l ine powd e r or tho somi crystal l ine powdor with metal 

alkoxido so l ; and 

heat treating tho powdor coated w i th the metal alkoxide sol, 

[Formula 1] 

t^WyBxGyG2 

where 0 < x < 0.3, 0 < y < 0.01 , and 

A is an element selected from tho group consisting of Ni, Co and Mn; 

B is an element selected from tho group consisting of Ni, Co, Mn, B, 

Mg, Ca, Sr, Ba, Ti, V, Cr, Fo, Cu and Al; and 

C is an el e ment s e lected from th e group consisting of Ni, Co, Mn, B, 

Mg, Ca, Sr, Ba, T i , V, Cr, Fo, Cu and Al. 

8. Th e method of claim 7 wh e r e in th e meta l alkoxide is sel e ct e d from 

th e group consisting of Mg, Al, Co, K, Na and Ca. 

9. The method of claim 8 whoroin tho metal alkoxido is Mg alkoxido. 

10. Th e method of cla i m 7 wher e in a concentration of m e tal in th e m e tal 

alkox i d e 1 10% by w e ight of alcohol. 

11. Tho method of c l aim 7 where i n tho hoat treating process is 

p e rform e d at a temperatur e b e tw e en 4 00 and 900 Q Cr 

12. Tho method of claim 7 where i n in th o stop of manufacturing th e 

crysta l lin e or s e mi crystalline powder furth e r comprises th e steps of: 
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mix i ng an A motal salt, a B motal salt and a C motal salt with a solvent 



adding thon mixing l ithium salt and a solv e nt to the precursor mat e rial to 

form a mixture; and 

heat treat i ng the mixture. 

13. The method of cla i m 12 where i n in the case whore the powder is a 

crystalline powder, the heat treating stop includes a first h e at treating process 
conducted at a temperature between 400 and 550 6 C and a second heat 
treating proc e ss conduct e d at a t e mperature between 700 and 900° Ct 

14. The method of c l aim 13 wherein in the cas e whore the powder is a 

s e mi crystall i ne powdor, the heat treating st o p is conducted at a temperatur e 
between 400 and 600 e €r 

15. The method of claim 7 wh e rein the positive electrode activ e material 

is LiNls— »Cq¥.^^3v whGfG 0 x *^ 0.3r 

16. A lithium secondary battery using active material for a posit i ve 

electrode of Formula 1 below, a surface of tho activ e mater i al boing coated with 
m o ta l oxid e , 
[Formu l a 1] 



-yA^yBxGyOs 



wh o r o 0 < x < 0.3, 0 < y < 0.01 , and 

A is an element soloctod from tho group consisting of Ni, Co and Mn; 

B is an element soloctod from tho group consisting of N i , Co, Mn, B, 

Mg. Ca T Sr. Ba. Ti. V. Cr. Fo. Cu and Al: and 8. A rechargeable lithium 
battery comprising a positive active material, the positive active material 
comprising a core comprising at least one compound represented by Formula 1 
and an active metal oxide shell formed on the core, the active metal oxide 
being capable of stabilizing a structure of the active materials. 

Formula 1 

LiAi.y. Y BvCvO?. 



where 0 < x < 0.3, 0 < v < 0.01 : 

A is an element selected from the group consisting of Co and Mn; 

B is an element selected from the group consisting of Ni. Co, Mn. B. 

Mo. Ca. Sr. Ba. Ti, V, Cr. Fe, Cu and Al: and 

C is an element selected from the group consisting of Ni, Co, Mn, B, 
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Mg, Ca, Sr, Ba, Ti, V, Cr, Fe, Cu and Al. 

9. The rechargeable lithium battery of claim 8 wherein the metal in 

the active metal oxide shell is an element selected from the group consisting of 
Ma. Al. Co. K. Naand Ca. 

10. The rechargeable lithium battery of claim 9 wherein a metal in 

the active metal oxide shell is Al. 

11. The rechargeable lithium battery of claim 8 wherein the active 

metal oxide has an amorphous phase. 

12. A positive active material for a rechargeable lithium battery 

comprising: 

a core comprising LiCoO?: and 

an active metal oxide shell formed on the core. 

13. The positive active material of claim 12 wherein a metal in the 

active metal oxide shell is an element selected from the group consisting of Mg. 
Al. Co. K. Na and Ca. 

14. The positive active material of claim 13 wherein the metal in the 

active metal oxide shell is Al. 

15. The positive active material of claim 12 wherein the active metal 

oxide has an amorphous phase. 

16. The positive active material of claim 12 wherein the positive 

active material is formed of minute particles in an agglomerated state such that 
a particle size of the active material is between 0.1 and 100 . 

17. The positive active material of claim 12 wherein the active metal 

oxide shell is processed with minute particles of 5-1 5nm in size. 

18. A positive active material for a rechargeable lithium battery 

prepared bv producing a crystalline powder or a semi-crystalline powder of 
Formula 1; 

coating the crystalline powder or the semi-crvstalline powder with a 

metal alkoxide suspension; and 
heat-treating the coated powder. 

the positive active material comprising a core and an active metal oxide 

shell formed on the core, the metal oxide being capable of stabilizing the 
structure of the active material: 
Formula 1 
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LiAi.Y- Y BvCyO?. 

where 0 < x < 0.3. 0 < v < 0.01 : 

A is an element selected from the group consisting of Co and Mn: 

B is an element selected from the group consisting of Ni. Co. Mn. B. 

Mq. Ca. Sr. Ba. Ti. V. Cr, Fe. Cu and Al: and 

C is an element selected from the group consisting of Ni. Co. Mn. B. 

Mg. Ca. Sr. Ba. Ti. V. Cr. Fe. Cu and Al. 

19. The positive active material of claim 18 wherein a metal in the 

active metal oxide shell is an element selected from the group consisting of Mg. 



Al. Co. K. Na and Ca. 

20. The positive active material of claim 19 wherein the metal in the 



active metal oxide shell is Al. 

21. The positive active material of claim 18 wherein the active metal 

oxide has an amorphous phase. 

22. The positive active material of claim 18 wherein the positive 

active material is formed of minute particles in an agglomerated state such that 
a particle size of the active material is between 0.1 and 100 , 

23. The positive active material of claim 18 wherein the active metal 

oxide shell is processed with minute particles of 5-1 5nm in size. 

24. A positive active material for a rechargeable lithium battery 

comprising: 

a core comprising LiCoO?: and 

an active AbCh shell formed on the core. 

25. The positive active material for a rechargeable lithium battery of 

claim 24 wherein the active AI?Q^ has an amorphous phase. 

26. Th e positive active material for a rechargeable lithium battery of 

claim 24 wherein the positive active material is formed of minute particles in an 
agglomerated state s uch that a particle size of the active material is between 
0.1 and 100 , 

27. Th e positive active material of claim 24 wherein the active AbCh 

shell is processed with minute particles of 5-15nm in size. 
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ABSTRACT OF THE DISCLOSURE 

Disclosed is a positive active material for a positive oloctrodo used i n 
l i thium secondary battorios of Formula 1 bolow and a method manufacturing 
the sam e , a surface of the activ e mat e rial b e ing coated with metal oxid e . Th e 
m e thod includes th e st e ps of producing a crystalline powdor or a semi 
rechargeable lithium battery. The positive active material includes a core 
including at least one compound represented by Formula 1 and an active metal 
oxide shell formed on the core. Formula 1 

crysta ll ine powdor of Formula 1 ; coating th o crystalline powdor or th e somi 
crysta l line powder with motal alkoxide sol; and hoat tr e ating tho powdor coated 
with tho metal a l koxido sol. 
[Formula 1] 

LiAl. x .yB x Cy02 

where 0 < x < 0.3, 0 < y < 0.01 , and 

A is an element selected from the group consisting ofNiy Co and Mn; 
Mn: B B is an element selected from the group consisting of Ni, Co, Mn, B, 
Mg, Ca, Sr, Ba, Ti, V, Cr, Fe, Cu and Al; and 

and C C is an element selected from the group consisting of Ni, Co, Mn, B, 
Mg, Ca, Sr, Ba, Ti, V, Cr, Fe, Cu and Al. 
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